31 AUG 2005 WO 02/084721 PCTIFRO 2/ 01266 Detachabl e substrate or detachable
structure and nethod for the production thereof Field of the invention The
invention relates to the production of 5 conponents froma thin ‘k (aas on a
substrate and the production of this thin |ayer/substrate assernb @BIZ he
substrate can be an original or internediate substrate and can be

denount abl e, wo ®@/08ad¢apted to be separated fromthe thin | ayetFrbO/01266
Description of the prior art Increasingly,; conponents nust be integrated onto
supports different fromthose used to produce them Conponents on plastics
material substrates or on flexible substrates may be cited, for exanple. By
xanp e chemRAhanflls Bt A0 870l MU Cac il O ANUTe Sl SR ees)
device that is conpletely or pathleyproduoteéssetthereof. conpletely or partly
produced. A | ayer tragqsgl_(ﬁ] é’gatg}loed i%%ntﬁei %sed to integrate 20 the conponents
onto flexible supports. ere are nmany ot her exanpl es of applications in

whi ch | ayer transfer Trechniguestian propdiadeesa subt abilee sepkoticohibor of
ntearatifng c Fo 07 AAYET S, ORKQ-A JSUBROrbthat Lspapriorisppsulfed to
their production. In 25 the sane line o hi nking, | ayer transfer techniques
are also ver§rudeftulomhedt ithis rieyul r b tar 1sobstea e t HgFemialer, Wit h or

Wi t hout conponeftsyadd omnibe Qhi girngh nasuBSt Ktk oo s%amlie; s denoyici ng
or elimnpnating the latter. Still in"the sane |ine of thinking, turning over
a 30 thin | ayet? affl fFIRSPERFILRY it SontadiGtthet© sppSFPaproFrdds Bhgt Meer s
w th val uabl ecH1eedppat.o design structures that woul d otherw se be

i npossible. Sanpling and turnin ver thi.n fil can be used to produce
buri ed f)6structur es, Dgers «! gosfﬁc Cad Bt éacfmgapaci tors for 35 dynamic
random access nenory IInddRAMIwher,e, cbnponents must be integrated onto

supports different from those used to produce them

Components on plastics material substrates or on
flexible substrates may be cited, for example. By component
15 is meant any microelectronic, optoelectronic or senscr (for
example chemical, mechanical, thermal, bioleogical or
biochemical sensor) device that 1is completely or partly
"processed”, 1i.e. completely or partly produced.
2 layer transfer method can be used to integrate
20 the components onto flexible supports.

There are many other examples o¢f applications in
which layer transfer techniques can provide a suitable
solution for integrating compenents or layers onto a
support that is a priori unsuited to their production. In

25 the same line of thinking, layer transfer techniques are
also wvery useful when 1t is required to 1isclate a thin
layer, with or without components, from 1its original
substrate, for example by demounting or eliminating the
latter. S5till in the same line c¢f thinking, turning over a

30 thin layer and transferring it onto another support
provides engineers with wvaluable freedom to design
structures that would otherwise be impossible. Sampling and
turning over thin films can be used to produce buried
structures, for example, such as buried capacitors for

35 dynamic random access memnory { DRAM) where, in



3 1 AUG 2005 WO 02/084721 13CT/ FR02/ 01266 2 contradistinction to the usual
situation, the capacitors are fornmed first and then transferred onto anot her
‘siliicon- substrate before fabricating the remainder of the cirguiplg;(@n the
new substrate. Another exanple relates to the 5 production of transistor
structures referred to as double gate structures. The first gate of the CMOS
transi stor iswomnadyead on a substrate using a conventional petii@bdvyssand
then turned over and transferred to a second substrate to produce the second
gate and finish the transistor, thereby 10 leaving the first gate buried in
the structure ( see, for exanple, K Suzuki, T. Tanaka, Y. Tosaka, H Hori e

and T. Sugii, " H| pee and ow Power n+: p+ Gat
Trans. El ect fGHSr V&S%l@f% %@5 “N§p U%%ia.)l %) "%%Oﬂ’ie fgawcrae%ae% %s
i sol ate a thiard ayermda offmrsns armailgheml tsabsfeatedl sneépcaunrtereed din itdenfiel d

of light- em 0 0 b re d|n
t he docunent sst‘{}\&/%%fg']e dg&é%@?%%r%aaw%% %&%%\ﬁ@gﬁlt&%ﬁRﬁ K Cl%gg% 409
Vol . 28, N 1&n 199@ arfil@WZOSlleP@Bt@nt i &noehen| . expagke 1015%61,3_8#5& E Mol .tHe861
Prysi cals  Congephis afo VBl o1 talfe L oF o Novel: (hloelectdan G Pevice s Apabigati ons

I (1990) One of the objects sought here is to inprove the control
extraction ofdaltfe Emittedres-ghthe AhBERerdadls) et vt ab¥9St 6 rEle isger timat in

this particul @Ry examle std”t%t%%@%hldsei sukstdate Hsedh 410 qratiice,dhena

epitaxial stack is a posieriori bulky |n particular because |I' is
el ectrical |y imsul atf v %?Ehaﬁpe&éﬁ@ eﬁé’l@idngt%l%ctslaizeafj SOMEEPs St F G ts
rear face. Tohelhald el seetmvegats eawardsntlaﬁ sapphirag ssuhsin, attesedbeh wWas

30 adv ageous f.or_ the phase, of ro the ma woul hus appear to
be des?lrrgabl eOl “h’ J]%n?lil%arrt] SPFudt %ouﬁt et&ed T’%rltl?féu??ekaee(’)f 4
appl i cati ons axmn@Eecofmupiizations. aﬁdnarikar owavekysdlor, exafplkes iamad Hi.s

si tuation, _f§u§fi,preﬁﬁkﬁ9%%e%%f 598 Low-Power n+-p+ Dcouble-Gate SO0I
CMCS", IEICE Trans. Electron., wvol. E78-C, 1995, pp. 360-

367).
15 The requirement to isolate a thin layer from 1its

original substrate is encountered in the field of light-

emitting diodes (LED), for example, for instance as
reported in the documents W.S5 Wong et al., Journal of
Electronic MATERIALS, page 1409, Vol. 28, N° 12, 1999 and
20 I. Pollentier et al., page 1056, SPIE Vol. 1361 Physical

Concepts of Materials for Novel Optoelectronic Device
Bpplications I {1990). One of the objects socught here is to
improve the control of extraction of the emitted light.
Inother object relates to the fact that in this particular

25 example the sapphire substrate used to produce the
epitaxial stack 1s a posteriori bulky, in particular
because 1t 1is electriczlly insulative, which prevents

making electrical contacts to its rear face. To be able to

remove afterwards the sapphire substrate, which was

30 advantagecus for the phase of growing the material, would
thus appear to be desirable.

An identical situation is encountered in the field

of applications to telecommunications and microwaves, for

example. In this situaticon, it 1is preferable for the

35 components to be finally integrated onto a support having a



35 conponents to be finally integrated onto a support having a 31 AUG 2005 WD
*02/.084721 PCTI FR02/ 01266 3 high resistivity, typically at |east fi@ﬁ?@
kohnns However, a highly resistive substrate is not necessarll abl e
at the same cost and with the sane quality as the standard substrates

usual I'y enpl aygdyy/dsdzhhe case of 5 silicon, 200 and 300 mMm dp AfRERR 0T CON
waf ers of stancard resistivity are avail aple, whereas for resistivities

greater than | kohmcm, there is very IittIe on offer in the 200 nm si ze
and nothing at all in the 300 mm si ze. sol ution consists in producing

t he conponents cn standard 10 substrat irsL and t hen, durin %the final process
steps, transPelti ﬁ&s&sttﬁlvﬁtlyayeltye%ﬁta Mi ngtt hJee%% @ onthP S of Bss,
quartz, sapphiduveat,c. ai nuyraty Vees sabste atabskramea JISEChEiltCa{ed&smr:D][y Vi ew,

t he maj or beneflt f ese transfer qpera i, to deccrr the 15
bropert es o FHEAer i A R Comsahdie: A Rt Fod Sk Chdse TH t he
final supportstaaykrsd arﬂilktsi‘teﬁwt&rse mmdéquerﬁnhg&ct;@mfi cdiral the mams ot hef
situatiaons. Ther. y t bstr hat
IS bene?ajlnm al® elleccgﬂe Z?rocs)gauccfl on g&tcha 516 ll(r)ine shalffseresxcoes& veI?yarc%st ly.
I n this case,r<sorstexamyt e &hat @fvaglllalbd@n cawtﬁald%as of feri ngréaprtovedcies
performance  LUher | eapenalihgs of Wifer Sl 01 LLegntly: 1prgyed b myn

power s and frequenC| es use, etc whose CO conpar e to silicon is
very high, itthfoud@ WW|@m@|n hyn@raﬁsﬁéi& ant hihe 138errofs idfe cotly

substrate ( ighitltion | Ashanses sihi Gan Ll gde&h@n&@mbbﬁehegxr&nsgﬁ/&a@é&b@trate
(here S|I|cog%p and to recover, the remain of the costIIy substrate for

reuse, ‘PosSi At r ol i1 opetHtiT6h. tifhe st & Ypetat i Dt be
carried out heforefemtiniang othil30lafter cbheapnodycthen cofmpchencemonents. The
above techni q;aessscan uaa!rsto prove benefl CI al .in ulaltll_\;‘l el cgs | n V\:hl ch obt ai ni ng
a thin substr ’ nmpor ‘ant pg LYhé Final Sapp i'cat ion. ovver appl i cations
in particular From a technlcal point of wview, the major benefit

of these transfer ©operations 1s to decorrelate the
15 properties of the layer in which the components are formed

and those of the final support layer, and they are

consequently beneficial in many other situations.

There may also be cited situations in which the
substrate that 1is Dbeneficial for the production of the

20 cemponents 1s excessively costly. In this case, for example
that of silicon carbide, offering improved performance
{ higher temperatures of use, significantly improved maximum
powers and frequencies of use, etc.), but whose cost
compared to silicon is very high, it would be beneficial to

25 transfer a thin layer of the costly substrate (in this
instance silicon carbide) onto the inexpensive substrate
{ here silicon), and to recover the remainder of the costly
substrate for reuse, possibly after a recycling operation.
The transfer operation can be carried ocut before, during or

30 after the production of the components.

The above techniques can also prove beneficial in
all fields in which obtaining a thin substrate is Iimportant
for the final application. Power applications in particular
may be cited, whether for reasons associated with the

35 evacuation of heat, which is improved if the substrate 1is



may be cited, whether for reasons associated with the 35 evacuation of heat,
‘which is inproved if the substrate is 3 1 AUG 2005 WO 02/ 084721 PCTLEF 2
/01266 4 thin, or because in sonme cases the current nust flow: H J@ t he
t hi ckness of the substrates with |osses that are to a first approxinmation

proport-ona hi ckness through which the current PERSE card
applicati ons]"gbg%;rogﬁv&r%it]ch a thin substrate,is required for reasolﬁgoom&

flexibility may al so be cited. For these applications, the circuits are
produced on thick or standard thickness substrates, which has the advant age,
firstly, of good nechanical resistance to the various process steps, =and,
10 secondly, t&f Neonfér nfPREE EDE stidhd&ds wreRepeghhel t@UfHRIF TUsE oflcettain

production equirRnRmt .t fherhiiBahetBi R ngnd s suachi-aved hy: demyntbng whakhi s
denctunting can be acconpan_ed by transfer to another support. In _sone cases

_ p
the transfer 3o &hot Wer SuppbBr O s™aot Of r PEPEPEhsaBR e, toedpécitaliaf ¥ he 15
final thicknesscaigredsatclut hagcilireRitNgdssssUf foghent ched produceitions
sel f-supporti ng st uchures. Var i oug f]ec ni ques can .be us§d to transfer gayers
fort t8'a thhf ©

from one sup other the Ges Hi $8%085eET nt °1985° H}°H°
Hamaguchi et dllexiPridd.t yTHRM ,a11085pe nci 6889, Fay 20c<cbe eipédcaftanrexamlee.
These techni qyes. gre of..ar eal o henef i L, si neg Lhey enable, a layer, to be
transferred from ~one Substrate co another, bl,ll(t tohey necessari |y ‘consure t he
basi ¢ subst r stuestwhittes, | shdest r oyed toei ngdvhet processS)rsandy, carnotgachi eve

honogeneous transferof A-tpifafilmunless 3.25.ston,ayers i scpresent,(i. e.
a nonhonogeneous |ayer in the substrate material). O the transtfer nethods
known ti& t he S561°56H Yaki®l edonf Arithed af P, Sitnde ralss ovijos st pPar fo tse e of

transferringyusthidh Layersi of predest ads that eyt conhai nithe whal@iely part 30
of a mcroelectronic ckiorrponent. Some of . thgse met hods are.  based or. creating

a buried weakd i Dhi FEE Wit Erg-al TH FREFBAURE nG2Bn & o T YHEOUS
substances. @y thishsswd] ecd another support. In some cases the transfer

to another support 1s not indispensable, especially if the
15 final thickness aimed at during thinning is sufficient to
produce self-supporting structures.
Various technigues c¢an be used to transfer layers
from one support to another., The ftechnigques disclosed in
1985 by T. Hamaguchi et al., Proc. IEDM, 1985, p. 688, may
20 be «cited, for example. These technigques are of great
benefit since they enable a layer to be transferred from
one substrate to another, but they necessarily consume the
basic substrate (which is destroyed during the process} and
cannot achieve homogeneous transfer ¢f a thin film unless a
25 stop layer is present (i.e. a nonhomogeneous layer in the
substrate material).
0f the transfer methods known to the person skilled
in the art, it 1is also possible to use one of transferring
thin layers of materials that may contain the whole or part
30 of a microelectronic component. Some of these methods are
based on creating a buried weak layer within a material, by
introducing cone or more gaseous substances. On this subject
see the documents US-A-5374564 ( or EP-A-533551),
Us-A-6020252 (or EP-2A-807970), FR-A-27¢7416 (or
35 EP-A-1010198), FR-A-2748850 (or EP-A-502843), and



see the docunents US-A-5374564 (or EP-A-533551), US-A-6020252 (or

EP- A-807970), FR-A-2767416 (or 35 EP-A-1010198), FR-A-2748850 (or

EP- A-902843), and 31 AUG 1005, WD 02/084721 PCTI FR0O2 /01266 rR—A3ﬂ7#wi@T‘(or
EP- A- 963598), which disclose such nethods. These nmethods are generally used
with the obj & 884521 denounting the whole of a filmfrom aPCarkRI2AEHR266
substrate to transfer it onto a support. Fhe thin film 5 obtained may then
contain a portion of the original substrate. These filns can serve as active
| avers for the production of electronic or optical conmponents. They may

contain a pagk- Qf2ﬁﬁ§2@@06SrOEPaACQ@@Q@@Pt wﬁb@ﬁedHEEPBQé éﬁcﬂaﬁétﬁgéé

enabl e reuse of the 10 substrate after denp.unti:c , very
substrate being conbiimed Bt eadh %9%I@en3ﬁ@%leU%@@aﬁééhthéetﬁpéﬁﬁéé§e

renoved is f<5§qU§@ﬁJ>Mn’69n§'0r@héhaﬂhélée"\bfmcéo”?&%ns frwher ggs subsgthate
t hi cknesses are pically several hundred mcroneters. It is theréfore

possible to %%F%Fﬁagﬁbéﬁ%aFé@nﬁﬁthéF:aP§t§|W?IéﬁﬁH?%ﬁﬁB?P%te§“ﬂhaﬁléPe

"denmoungabl eobf&hatd i gato Sayndeﬁbﬂﬂé§b|eé bycprechani gal 5héessrlgmna1
particular in the case f th rocess di scl osed in the q§§“”9

L' S-A- 6020252 Porl EPEA- 8 ?é?o L HartFEUF afSpPeled€ i Y HasedPbnthe
i npl ant ati onptodtiotiwa kﬁhg@lecbn®med kﬁxu@wmywnbhcoaﬁomSnmut athdhentiyme of

final transfggn algeg net@og§ thseH on "Ib%togff principle, also
denmount a thin Tayer fom t r emai nder o fts Brlglnal support, again

wi t hout the Iatter n@h@seamHQbommlmg censtunedl 2 These et hogdssgendr akthyg use
sel ectiye 255¢ §H}§ﬁé %Hﬁﬂhﬂgdg%oénPﬁﬁgedv%&kﬁrﬁ?gtﬁée olray&le 99%§595¥e

associated wt ani cal forces e of met veré ely used
to transfer PPinY @pPepBhled ¢0 dRrfhefente. t&bé§ of §@[§Béﬁt3 thsegh&ckoghperi et

al ., | EEE Trapggethonss Cﬁrélﬁ@rﬁﬂ')ﬁsnbeCHBQEo%/haNma 3el2mf 2994} c2223). As
30 explalned in the ester et a cond. Sci, Technol. 8

( 1993) , 1194€1%38, gPEétF?gﬁsFB?c WAP € R @éﬁe&éPF KeSSBRAge APPeresn

epi taxi al grewthcoséeprscant is therefore possible to obtain substrates
15 that are similar to substrates that are "demountable"™ { that
is to say demountable) by mechanical stress, in particular
in the case of the process disclosed 1in the document
US-A-0020252 {(or EP-A-807970). This particular process 1is
based on implantaticn to form a fragile buried region which

20 is cut at the time of final transfer.

Cther methods, based on the "lift-off" principle,
also demount a thin layer from the remainder of its
original suppert, again without the latter necessarily
being consumed. These methods generally use selective

25 chemical etching of a buried intermediate layer, possibly
assoclated with mechanical forces. This type of methcd is

very widely used to transfer I11I-V elements to different

types of support (see C. Camperil et al., IEEE Transactions
on photonics technology, wvol. 3, 12 (18%1y, 1123). £&s
30 explained in the paper by P. Demeester et al., Semicond.

Sci. Technel. 8 (1993), 1124-1135, the transfer, which
generally takes place after an epitaxial growth step, c¢an
be carried out before or after the production of the
components {( by "post-processing” or "pre-processing",

35 respectively).



he carried out bef ore or after the producti on of the conponents (by
"post - processi ng" or "pre-processing" 35 respectively). 3 1 AUG 2005 WO
02/ 084721 PCT/ FR02/ 01266 6 O the nmethods using a (pre-existihg)AUsdilded

| ayer of |ower nechanical strength than the remainder of the substrate to
obt ai n | ocal Waeak/eg#tmdLUNt i ng, the ELTRAN nethod may be ci PEU/KREHE266E
Pat ent Publication Nunber 5 07302889). Imrcthis case, a stack based on
nonocrystal |l i ne silicon is locally weakened by the formati on of a porous
region. Another simlar situation consists in expl oi-ing to presence of a

buried oxide in the gasg,of mgtgbggcgglgg al r(\zpty qulus((:tgg:g%m SEEUCt yr e QQ\Never

standard the |atter may 10 ot herw se out see ng any
particul ar @enmd® it aB‘PFPﬁ?léﬁf—ecﬂfeﬂqtft héhs’i'é’lr u*‘eb@refﬁfl@alb’tﬁﬂjfed ofsuthgcier

ly strongly $epanether sybstratenandsaaihi gby S&lé%@ﬁnt§néppl ked t@rtien®
structure, localized fracture, referentl ally achieved in the oxide, can

lead to a cufelingd 156t f Bet orthel JBRPBERE thREht i Felddbstiare. NFREer

docurrf:nst; f"%#k@?@e@purmagistm‘ls%w&s UCPa,s’dQJ:k %%seuﬁ &d?moﬁ@@ﬁys’éﬂ@%\@nean
exanple o t n pa to Nt ort unat t he racture 1s |

T Tt Lo ehh for e ey D e e et L RS EEe R bOBEPHS i
about, whichrésginot fareetefr 20i heari sk toktheeak: ags ft harsubsplateiﬁg

darragl ng the con gnents. }'hg %dvanta e. %f such ,buri ed frfgl I e er nethods

i s that theyt%%n Semé% {0 &%gdl ayers asetcklleonc‘)’lsceryo at1¥r ne s(iji1 gon (or

Si C, I nP, AsGasulahNbO3 SDWaGBrUZSueEc hpwenea sargeleofd thiekhe’ssefroava few
tens Ojoangsg{}qg}wygét (A e toéﬁcfd%\ﬁ’e@ %%‘i%hecr%e(e@rﬁgr r‘f{‘% Pai“EEMuQQ?d

honogeneity. G eater t |cknesse an al so be achieve I cate
aermpunt abl e @¢FQertresliby paddinite. subseqléit tFhAYEREI®f &9 ayepnefitlo

anot her 5Upp§ﬁff9&le§@l§Ub§t§f@z§<§lyl trd S KREWR it 0 i@ tperson sski | kedhi Ant he
art to controf Lhe energies; gl the bonds petueen the Jansr, Adeth8 ure,
preferentially achieved in the oxide, can lead to a cutting
15 effect on the scale of the entire substrate. The document
"PHILIPS Journal of Research”, vol. 49, N° 1/2, 1995, shows
an example ¢f this on pages 53 to 55. Unfortunately, the
fracture 1is difficult to control and necessitates high
mechanical stresses to bring it about, which is not free of
20 the risk of breaking o¢f the substrate or damaging the
components.

The advantage ©f such buried fragile layer methods
is that they can be used to produce layers based on
crystalline silicon {(or SiC, InP, AsGa, LiNb0i;, LiTa0s,

25 etc.) in a range of thickness from a few tens of angstrom
units (A to a few micrometers {(puam, with very good
homogeneity. Greater thicknesses can also be achieved.

To fabricate demountable structures for possible
subsequent transfer of a layer onto another support or

30 substrate, it is known to the person skilled in the art to
control the energies of the bonds between the layer and the
substrate, as indicated in the document EP 0702609 Al.

The inventors of this patent are alsc aware that,
to produce a demountable substrate, it is also possible to

35 use methods involving the control of bonding forces



substrate, as indicated in the document EP 0702609 Al. The inventors of this
patent are also aware that, to produce a denountable substrate, &f A@SEWSO
possible to 35 use nethods involving the control of bonding forces 3 1 A

2001 WO 02/084721 PCT/ FR02/ 01266 1 existing at the "denounting” surface to
assenbl e t ogetthea/084venporarily the thin layer and the subst paeTarRo2omedi ch it
is subsequently to be denmounted. The situation in which the bonding is
obt ai ner by nol ecul ar adhesion is of particular 5 benefit. O the categories
of assenblies obtained by nolecular bonding, silicon on insulator (SO)

substrates oroduned by theso onding dechol gussconstisstmn. partaplarly

beneficial category. The category enconpasses a numb vari an
principl es ofepeehr hte Hé@cﬁhbédl§zeﬁn&ﬂﬁaUﬁﬁﬂ@WQ&?ﬁ&Rﬁmﬁk@@rWM%¢brlbondlng

Sci ence and ; Jegchpol nt1§?t3'b3b@&m@@QtéB Gogel s eru@c Wheyn ! wHi@ﬁSEh@”CG
publication, Johnson [sic] Wley & Sons, inc. Some variants_ are known as

bonded SCi (m)“%rlﬁoﬁélcéhaeét EH FRUECSORT (BESAHCN Apartt f PakRT beHARAG
i nvol vi ag nobegs af, addjlﬁSl@He 15t hesei vari ant Saé§éMbpﬂe@hy§be@iné@nw9l of

t he ori gi nal ubs pol i shj ng techni ques. and/ or chem c % et chi ng

t echni eues. %Ti §ﬁ¥§yrﬁ@sc?}Lb%O?nCﬁhr%”ﬁ@%%?%?o#écgg FH %FI?Fﬁﬁsfer
t echni ques, pr@daddﬁtlanallyhbased boindboegdi nge diyhimpleacul abnadhaﬁm@n aad
dermounting b - hat.has been weakened

ha EHLL AP B ShO0P By RO s Lot los, Beg o okened.a Lot
exanple as i ds Scrirh docuirents 537456
EP—A—533551)aamumhﬁxA@BOQ@QB@H(SortEP-pEBEdQ@D¢S(dénwhnthngreaﬁeagrahed

| mpl an gd regj on),or L0, ﬁhe"§8@P@8H%% re992§§§§r bQSiPH@&aﬁglgxcérathre

al ong a buried layer that has been nder ed porous tever the exact
t echni que useachiEhbodgomen-featere dfdt hesedvalfants?i seyhenktepselgnce

nol ecul ar bﬁ@ﬂlﬂ@ati@nnD§ohﬁ§oﬁhﬂsE@ﬁe®1§@§0Un§@ﬁ§d tActheohit epat Hhes
bet ween two substrates having silicon éﬁﬁﬁ 3{btlllcon oxide (Si02) at the

surfaces to BeSbrBO4Gh2S Nty Eohtakt . | nBtedi are &-&rsometf mes!

encount er ed (BES®Ides Apsicki cides, bonding involving molecular adhesion,

15 these wvariants rely on physical removal c¢f the original

substrate, by polishing technigques and/or chemical etching

technigques. Other wvariants, described 1in part heretofore as

layer transfer techniques, are additionally based on

bonding by molecular adhesion and demounting by "cutting”

20 along a region that has been weakened, for example as 1in

the methods described in the documents US-A-5374564 (or

EP-A-533551) and US-2A-6020252 (or EP-A-807370) (demounting

along an implanted region) or in the document EP 0925888

(demounting by fracture along a buried layer that has been

25 rendered porcus). Whatever the exact technigue used, the

common feature of these variants is their use of molecular

bonding, in most of the cases encountered in the literature

between two substrates having silicon {Si) or silicon oxide

{510;) at the surfaces tc be brought into contact. Other

30 materials are sometimes encountered (nitrides, silicides,
etc. ).

Ir nondemountable SOl structures are to be

obtained, the surface preparation operations are intended

finally to provide, and often with the aid of annealing

35 carried out after bonding, high bonding energies typically



etc.). if nondenmountable SO structures are to be obtained, the surface
preparanl on operations are intended finally to provide, and often with the
aid of annealing 35 carried out after bonding, high bonding enegdi 46200
typically 3 1 AUG 2005 WD 02/ 084721 PCT/ FRO2/ 01266 8 from 1l to 2 J/nR.
Convent i onal W0 0284728t andard preparati on operations, the lp@awrFRg/enssgy of
the structure is cf the order of 100 mJ/aR at room tenperature and 500 mj/ nR
after annealing at 400C for 30 mnutes, in the case of SiQ2/Si02 5 bondi ng
(bondi ng energy determ ned by the bl ade nethod devel oped by Maszara ( see:
Maszara et a | , Rhys 94 tricture
i s anneal ed kafomalﬁ?Bth g%er %?ge{f‘%@i%]c?y' tHegBo ggﬁéagﬁe %gp%g% ?)Le as

hi gh as 2 J/ﬂ?etéithmSewtlhIGe winciing  Segdi ondiictoe wé;flemtmebomh ng, tBei ence
Technol 0gy a96ppbircalicon M BY. Aocif, e Jhe Bl stk ogheniont sociaty

Proceedi ngs Series Penni ngt on, §E@ forms of preparation prior
to bonding éRF@@llﬂéraéxéﬁgl & éx50 ré‘ﬂ@ﬂltteﬁe Mf%§%$ﬁb@f oAde 0 a

plasnma ¢for gxanphg an-Oxygeh RIASTR) ., card GaARL5 }éﬂ/eHﬁjh@qlBl\é%ié?mmeQ@%@ ng
ener gi es WlthOUt always neceSS|tat| ng such annealing (YA Li and R

Bower, Jpn. 9§VeABpRS” pRydlaszarg a5e pMapagralgdg)sl- /| n céﬁPllalegltYSnctl on
to the aboveg4t heoh pvent arg 3, ameamntem@gﬁutm& slerpuntabl es SEhnstnuet utes. Tt

h b 20 han diff h t th h bt db
modi fyi ng ¢he AAFopATEE” ge%.%ﬁ?ﬁ GThnd heS CUHAESS <BF=Phe St FAoeS. ”For
exanpl e, as hndhcatsed2i f/h Dapé’falbsyml(le %yssadc etSeadmcchRﬁm*eedl ngseaf the
2nd | i.al I I 25

nd | nggrnat lﬁgﬁékngmg S‘%%)“o%y%ﬁ $nbio%h pg41 Qeli gt rofi cgy N5 e

Communi Cati o _ oric acifd etchiiig  iI'ncreases the
roughness of 4& | ay“éfre of Edielciteonhexiidal Theocpaper daswrddtisndrow &ergdsceC | a

etch incr easpgnmg EEn,r%ghE@% from@el AEptQ 9f6%§e@%‘raltﬁo%a§>r%€:“ to
verified that % [/ Si 02 bonding w_th ins roughnesses of 0.
bondlng exist, for example exposure of the surfaces to be

bonded to a plasma (for example an oxygen plasma), and can
15 yield equivalent bonding energies without always
necessitating Such annealing (YA, Li and R.W. Bower, Jpn.
J. Appl. Phys., vol. 37, p. 737, 1898).
In contradistinction to the above, the inventors
are interested in demountable SOI structures. It has been
20 shown that different mechanical strengths can be obtained
by modifying the hydrophilic properties and the roughness

of the surfaces. For example, as indicated in the paper by

0. Rayssac et al. (Proceedings of the 2nd Internatiocnal
Conference on Materials for Microelectronics, ICM
25 Communications, p. 183, 1998), hydrofluoric acid etching

increases the roughness of a layer of silicon oxide. The
paper describes how an 8 000 A etch increases the rms
roughness from 0.1 nm to 0.625 nm It has been verified
that S10;/810; bonding with rms roughnesses of 0.625 nm and
30 0.625 nm for the facing surfaces yields a bonding energy
value of the order of 500 mJ/m‘ after annealing at 1 100°C,
i.e. much lower than in the standard situation previocusly
cited. The inventors have shown that in this case the
roughening can be exploited to provide demountable bonding

35 interfaces, even after annealing at high temperature, as



30 0.625 nmfor the facing surfaces yields a bonding energy value of the
order of 500 mJ/nR2 after annealing at 1 100C, i. e. much Iomer:§Q®ﬂ wm t he
standard situation previously cited. The inventors have shown t*h P ?his
case the roughening can be exploited to provide denpuntabl e bondi ng 35

i nterfaces, Wei/@4r2r annealing at high tenperature, as 3 RCAIR®RAAZ66NO

02/ 084721 PCT/ FR02/ 01266 9 high as 1 10® C. By astutely conbinirc roughness
preparation before bonding with suitable thermal annealing treatnents, it
has been denonstrated that demountable SOI substrates can w thstand, w thout
untimely der}@igw ngsat 5 thempssenbby injeriace, mstysteps of  a,prpcess for
produci ng CMJS transistors (including in particular heat treatnent steps at
hi gh tenper a?ifRAT Ay ealPPyOu1e 10083188 el iy Stiess e depbsiinagling
constrained {ayefgend®dr examlse pdayensmdhs dthtkde)haandiGeult A txogberior;
be demounted at 10 the bonding interface by the intentional application of
control | ed ek #4tS sCR&ssEst DTedhihi céPt%F6%1eﬂ?5hﬁe%bl6¥¥Tﬁ¥qﬁﬁq§bc6Fdance
vv}th |t$1|e i nvient | 05 Heatb ey _nﬁﬁt_@flfacse,la webd k@wfp@{gbfsn@}ngtb@eggnt ext 15
of multilayer structur in particular in the field. o abricatio

t echni ques fiF° '%%%%Igégﬁon? a%%ﬁ%%ﬁ%%téfjmgéﬁgﬂF%,l%té@rfﬁF i°g bggﬁﬁse
heat treat nentcatchond saéps treatmbent:efippdrafingr ito/@eiad let chi nQ)° @t cay,
mechani cal  andf of_ plwslcal - 08&('5)8‘&19{}% OéoJiE{'Pé(ngd”‘E‘ég&%' S:20 gQéthé“g’
etc.) necessary for producing conponents, depositiion and/or” epitaxi growt h
steps, and thevemechanicakider esgas generatiedurd g 1hebgprdeivetiond of t
nonhonpgeneous. stRcks .nOf t gp-gepeLatg, ckeavages-. at; the1 layar edge or gtart
lift-off at the edges of the 25 structures. In the case of SO, for exanple,
the many hyeroffubled BRFPtteat nehieSi8%d to deoxidize the Si  surface can
in some cases Lead tTedhipidiRnpropeent diidigsefutibe hur i fsbaxda-andither eby

weaken t he suﬂface fiImat the
the inventiocn

Delamination i1s a well-known problem in the context
15 of multilayer structures, 1in particular in the field of
fabrication techniques for microelectronic components,

sensors, etc. This 1s because heat treatment, chemical.

treatment ( hydrcflucric acid etching, etc.), mechanical
and/or physical operations of removing materials
20 ({ polishing, etc.) necessary for producing components,
deposition and/or epitaxial growth  steps, and the

mechanical stresses generated during the production of
ncnhomogeneous sStacks, often generate cleavages at the
layer edge or start 1lift-off at the edges o©of the

25 structures. In the case of 501, for example, the many
hydrofluoric acid treatments used to deoxidize the Si
surface can in some cases lead to important overetching of
the buried oxide and thereby weaken the surface film at the
edge of the wafer.

30 Layer transfer technigues ( with or without
components) based on the production of demountable
substrates by forming an intermediate layer or weakened
interface (whether by implantation of substanceé, by
formation ©f a porous region, by control of the bonding

35 energy, etc.) come up against certain problems associated



edge of the wafer. 30 Layer transfer techniques (with or without conponents)
based on the production of denountable substrates by for-ning an
intermedi ate | ayer or weakened interface (whether by inplantati®n &G 2005
substances, by formation of a porous region, by control of the bonding 35
ener gy, etc.yaoRes40pl agai nst certain probl ens associ at ed 3PCAUR0220066 WO

02/ 084721 PCT/FRO2 /01266 10 with untinm@lly delam nation if the processing
prior to intentional denmount rig is too aggressive. Cracking can start
unintentionally at the edges, during the process of fabrication of the whole

or part of the conpanenly, and1can m fiequce h%hBé' e%@océ‘@@'ﬂl frgﬂgge to

reduction of the surface area of the active fil aused bé 1 ng of t he
filmat theledRelliehese dTeDIENE"I cadif | 649 t 694TREGRA VEnCr BASEXKLARY can

particul ate §‘@£‘E‘@”hﬂ@ht@ﬂt9fmémﬁy\/\@f‘tert%e athiged henet ong anchi ghoseduction of
yield in the fabrlcatlon of nts 10 and contam nation of the plant used

(in particulk? r*?ﬁ‘i‘ﬂa%%s?f N‘ieo f‘@i? 6F tRe & iHvénts FiPTeeg &l I%Wa?ént he
drawbacks preydeus! yhei tedltharks o ﬁrér@yehésuéﬁhbahgn Idft etrrﬁeacgut:ha&e

reliably conbines th nper atl % eas rmunt ri tie and
t he i nper at i Ve~ of O%V\ﬁ e 1 sg?’; %ﬁ?g ﬂ%’ n%e? pBF &Sﬁ ofgl fkat or
mechani cal ttleat EEEIIQ{’E nedessar ysrbbitetnhe qarodues d onoofa t héghwhaoleeregrsgpaity of
the nlcroeleéé S %aggt%%%kangnagggy§téf t%gnR%ﬁ%ﬂ&§ 0L,3¢ ‘%f%féye a

epi t axi al Wi th usi ng prenmaturéeé denoun
del am nat i onhlglyN@eeiug@n@maldfy vifedi mﬁenitm@nfebnspsttsonn &n caslsvenbhys

COMPI i $hNg 2L hi Nerr@URinQRBySURSL rate, SBidnlayer dheling, coptected;to said

substrate by an interface or an internediate |layer having a control | evel
of nmechani cal“r2&CStrength. To this end it proposes, firstly, a method of

preparing a thin laysf idigldedi ngra step i0fyepradiCi NG &l alleviate the
drawbacks previously cited thanks to a layer/substrate
interface that zreliably combines the imperative of easy
15 demounting at the right time and the imperative of, where
necessary, withstanding the application of heat or
mechanical treatment necessary for the production of the
whole or part of the microelectronic, optical, or acoustic
components or sensors, or epitaxial growth steps, without
20 causing premature demounting or delamination.

More generally, the 1invention consists in an
assembly comprising a thin layer on a substrate, said layer
being connected tc sailid substrate by an interface or an
intermediate layer having a controlled level of mechanical

25 strength.

To this end it proposes, firstly, a method of
preparing a thin layer including a step of producing an
interface or an intermediate layer between said thin layer
and a substrate, characterized in that said interface 1is

30 produced so as to have a first region having a first level
of mechanical strength and at least one second region
having a second level of mechanical strength significantly
greater than the first level,

In other words, the invention proposes a method of

35 obtaining a structure having a buried structure (interface



interface or an internediate | ayer between said thin layer and a substrate,

characterized in that said interface is 30 produced so as to have a first

region having a first level of nmechanical strength and at |east @neAgggond

region having a second | evel of mechanical strength significantly greater

than the first level. In, other words, the invention, proposes a nethod of

35 obt ai ni ngW® &984¢3lure having a buried structure (interfaReTFROZALZ67001 5

WD 02/ 084721 PCT/ FRO2 /01266 11 or |ayet} whose nechanical strength is

hi gher in one recion than in another. Thus the interface (or the

internediate |ayer) can be optimzed as a function of requirenents,

al l owi ng foroprioeessi nghod@tmédhasi ddr endechqato anhyghd© it . oddreaghent this

docunent, thghexpressioq> "nec@gnicggkstren " means the nechanic%l strength
‘ - et

t
in the "strenyth 8f At dlial s* " 88nsES HUt" TAF Al so°F efeF nbPe° - Yenk?afly to
the susceptilayetly tcarr uptureptormitdiessoeka-a orf uraft iavrconti nuegsi pements,

di sconti nuous i suc : i rf.ace or_a ack, whi coul d_suffer
del am nat i onal,l ‘glrrng(% xé?r%?a%l&%t%ﬁ%te lv%ejt%elrmi%ri?%e{st? n ég%o%%emf'o pure
mechani zal stress (tTactigmutbenditdg,s shedrcuoenpr essi bhe toespomssetn. ),

during heat tgeatient,) of, d cherpical,. -GN a8 Rl ta}ﬁ gl feasible
b enlg' @

L g
conbi nations. In the case o% ?Ee articular pro i scusse er ei nabove,
if it is requifedndio’ derountt eheasabstIsdts®, f kom t hen| alac atefRe cBprect

time, and nofchefore, thecnki kskceeghenihavi ng a Lowere nechanigcal: styength is
a region included wthin the second region. Especially when the whole of the
this layer iSftc® HeERraHeF et red afLiHE Wat'&r scafedl the reefon #Ft h@Bhe

hi ghesto mechami €af 2 s rengthsicscpy eferabl yoauld nohffdr @mathiaiatidg i Aothe

case of roquxgﬁgféfatg?gf)ymogﬁég%é¥r]this is in response to pure
mechanical stress (traction, bending, shear, compression,
torsion, etc.), during heat treatment, or during chemical
etching, as well as all feasible combinations.

15 In the case o0of the particular problem discussed
hereinabove, 1f it 1s required to demount the substrate
from the layer at the correct time, and not before, the
first region having a lower mechanical strength 1s a region
included within the second region.

20 Especially when the whole of the thin layer 1s to
be transferred, at the wafer scale, the region with the
highest mechanical strength 1s preferably a ring (an
annular ring in the case of round substrates), whose width
can vary from a few hundred micrometers to a few

25 millimeters, or even be of the order of one centimeter.
Thus the ring c¢an constitute the periphery of a round,
square, polygenal or other shape plate whose core 1s of
lower mechanical strength.

In a situaticn corresponding instead to demcunting

30 at the level of portions of the thin layer (by die, by
component, set or subset of dies, etc.), the preparation of
said layer preferably includes a step wherein at least one
fragment of said layer 1is iscolated on the substrate and
sald second region extends along the contour of said

35 fragment. Thus the first region can be fragmented, each



can vary froma few hundred mcroneters to a few 25 mllineters, or even be
of the order of one centinmeter. Thus the ring car. constitute the periphery
of ‘a round, Square, polygonal or other shape plate whose core is of |ower
mechani cal strength. In a situation corresponding 'instead to dehbdGilM§ 30
at the level of portions of the thin layer (by die, by conponent, set or
subset of di B 0BPE721 the preparation of said |ayer prefeP&VERZ2MIRGGes a
s-ep wherein at |least one fragnent of said layer is isolated on the
substrate and said second region extends al ong -he contour of said 35
fragnent. Thus the firs- region can be fragnented, each 3 1 AUG 2005 WO

02/ 084721 PGItERA21D1R66ng 12uf ragnead bei Agr syl snuadedrbytarr agbaanotagr eat er
mechani cal stren tg. Accordingly, the interface or internediate |ayer
produced betﬁkﬁﬁngﬁ “thin layer and the substrate is 5 nechanically weaker
inits central portibacthahn@ty,t sheeripheryacdhisr grieatdrnnadaducesltherri sk
of untinely ggéggg&.aﬁéo&ée§ah: inﬂﬁpngc%jprrburh%d I%%er %,Qtt%%% vgrious
forms. It caR*fn particular be defined as: P6E &7%5ondi g fn Brtace (mfth or
wi t hout Sadhes¢évkanifatl 1 examdkeebondi ngt by awoitecul apcathesi onhanard with or

W thout an i Late er Lde, nitride), a r 1 ities
(and/ or gas ﬁ%gigggﬁg]esTﬁg%d/%%Q%tgfelg%%?%gindtﬁ%re£g%§er§Flgng?ggg& of
defects, 15detapspeficnan internediate |ayer having characteristics
different from thosesofqthe substtat exand tiheyl ayeer fOL, exanpl eaa;paLouUs
silicon layer, which can be differentiated in tefnms of its nechanical
strength or tt&5™Sustkpffbi LNt H2T OO 2 ENERi ¢af 1RE€Eh#fy (cheni cal and

m echapecal ), etc., - anHoMaamgediatertayer (aofitdi féer entcreham edhesive,
composition fpfended hQ P 2815 el Yo elem S8 @ S8Y,  ana with or

without an intermediate layer (oxide, nitride),

- a layer of microcavities {and/or gas microbubbles

and/or platelets), and more generally a layer of defects,
15 or [sic]

- an intermediate layer having <characteristics
different from those of the substrate and the layer, for
example a porous silicon layer, which can be differentiated
in terms of its mechanical strength or its susceptibility

20 to chemical etching (chemical and mechanical), etc.,

- an intermediate layer of different chemical
composition intended to be selectively chemically etched.

The differentiation between connecting regions of
higher or 1lower mechanical strength or other different

25 kinds of connections can be effected:

- in the case of a bonded interface, by connecting
energies obtained, for example, by different preparation
before bonding ( roughness, different hydrophilic
properties, chemical surface connecting states, etc.)

30 and/or by heat treatment differences, in particular after
bringing into contact for bonding,

- in the case of a layer of microcavities, by
reduced implantation dosing in the second region or by
preferential growth of microcracks in the first region,

35 - in the case of a porous layer, by modifying the



The differentiati on between connecting regions of higher or |ower nechanical
strength or other different 25 kinds of connections can be effecgqdayggpn
the case of a bonded interface, by connecting energies obtained, for
exanple, by different preparation before bond-ng (roughness, dlfferent

hydr ophi | i ¢ W 0p@s847mes, chem cal surface connecting st ates,P@&E/ERP2/@R6aNd/ or
by heat treatnment differences, in particuldar after bringing into contact for
bonding, - in the case of a layer of mcrocavities, by reduced inplantation
dosing in the second region or by preferential growh of mcrecracks in the

first regi onp eP2en tcg %@ﬁé@f f < pengus 1ayears By mpdi fying gde £3 L AUG
2005 WO 02/0 4721 PCT/ FRO2 /01 6 13 percentage porosity so that it is

hi gher in théeﬂEP§t region, - in the case of an internediate |aver of
different chem cal copposhki @Qse' eteadegnt@rh@dwk@cub @EYO%h@mf@f@'rle)h@

etched, by varyin he chem cal osi tion, donpi

di ff erence of" Smég o§PWP8ﬁ15éPEenﬁ égngﬁﬁfépeﬁ@e eﬁ&Ft&V§g @ﬁ&g

subst ange, fetcﬁédmﬂb@ vm/mychgmuledchb@yeaa dbh@@tsutmalct mﬂcaznxtav)arbeata on in
sensitivity t cheq$£§# ng. nore.pr nC|se in_ the %ﬁﬁgation wher e
there are oﬁp§lpﬁo %ﬁﬁ?c?n 506%r&3ﬁ%@51 ER prEF er PR featUrés T S he

i nvention, possi by semicombiurdiorons ihswhncd, cadse themgpéepndwiiegh orvestird ounds

the first re 5%) A éﬂ%%{:t”ﬁ ap%cecp ok %rgﬂug%]gg?wgn' %eréé‘ﬁ&%f'@{@}/ﬁf =i

effected a s ep of iso I'ng ragment ayer containing sa
regi on and sahdréeeondtedginon so that sai d second region runs along the

periphepy of said fragmentyofoliewed Ry a deppuntd:ng,ppenat|,RB LN tWi.ch the
substrate and the thin layer are lifted off; in this case, 20 the lift-off

step i s sonefFResNadvanPagesusry  preceédedrpgnge with preferred features

of the invention, vpossibly in combination (in which case
the second region surrounds the first region):
o After the step of producing the interface there

15 are effected a step of isclating a fragment o¢f the layer
containing said first region and said second region so that
sald second region runs alcng the periphery of said
fragment, followed by a demounting operaticn in which the
substrate and the thin laver are lifted cff; in this case,

20 the lift-off step is sometimes advantageously preceded by a
step ©f physical delimitation of the second regicn vis a
vis the first region, for example after partial or total
cutting, by total or partial chemical etching, by total or
partial mechanical fracture, etc.

25 e The interface 1is produced between a surface of
the substrate and a surface of the layer, and the step of
producing the interface includes a step of preparing at
least one of these surfaces and a bonding step during which
that surface 1s bonded to the other surface by molecular

30 adhesion bonding; the step of producing the interface
preferably and advantageously includes a preparation step
for each of the substrate and lavyer surfaces. The surface
preparation step preferably includes a treatment step
during which said surface in said first region is made less

35 hydrophilic or its roughness is locally increased, for



25 step of physical delimtation of the second region vis a vis the first
region,. for exanple after partial or total cutting, by total or_parti al

chem cal e-ching, by total or partial mechanical fracture, etc.J 1Thi# 2005
interface is produced between a surface of the substrate and a surface of
the | ayer, amo @2S84%tlep of producing the interface incl udeBCH/FR0RM1266
preparing at |east one of these surface$d4and a bondi ng step during which
that surface is bonded to the other surface by nol ecul ar 3C adhesi on bondi ng;
the step of producing the interface preferably and advantageously includes a

or epar ali on step, Jor @ach ofcdlte substy ol nd J ayer, surd apes;Jhe, su ace

preparation st preferably incl udes a treat ment step during sal d
surface in SHQHIS sofr &dicons Pt aetle lPessh 35 Ry EFbpHIgdi®rer #¢s beoulhiress i s

l'ocal |y i ncrgasede fore 3ls Alda 2005 NQ,Q2/ 084721 RCTFRO2(D1266. Jd-exaaml e;

this refers, far exanple to localized acid etching of the surface in this
first regloﬁnq%P4ﬁ§n%?eoxﬁﬁ%n%ﬁﬁeqtapg &vién Fore %F%héPabPél?f%ﬁcﬁ%%st one

surfaces i nclitdeshasr oxideriayeriand thhe acithet chingniis efdested- &bt h
hydrof luoric acid, the surfac inthis segogd regi on beingﬁgrotecte from
oai d et chi ng by BrotEetioon (FoF ‘eidhplechifFi de) IFayBroRRRERCTS of 7 nat ed

af terwar ds. dxnm@mmthetryae)anbyeth&MmﬁHanﬁ of iat nheast adnerofartdze two

wafers is entqug roug Qgg q%lgu ep%rtl 1ghgt1%ﬂﬁpugpn%§§ |s 5
nodi fi ed, esseﬂi ﬁl |nproVed‘ aln grea er ondlng forces,
exanple\Mtrwamﬁraldsofentheﬁﬂwalrpogh@hﬁﬁg am@aumensonﬁecpantcahsorthﬁenuca

o eanani caloindan o 4 realaeily Of by driestehing. o Jo prepare dhe. purf ace

and control “he’ roughness 15 especial ly 1f one o e surfaces Is an oxi de,
partial aci cﬁf%%fcﬂﬁ ngb%%ﬁl% efPeeted Usithg IAIRDIS uo‘?lﬁch acite FHeé step of

produci ng the,dmterfacgoi nghudgs arestepnef weakening.a bwy ed-hayerain a
starting Su%%gﬁgéical or icnic treatment, or by dry etching.
s To prepare the surface and control the roughness,
15 especially 1f one of the surfaces 1is an oxide, partial acid
etching can be effected using hydrofluoric acid.
¢ The step of producing the interface includes a
step of weakening a buried layer in a starting substrate,
whereby at least the first region is made weaker than the
20 second region, said buried layer being disposed between a
porticn forming the layer and a portion forming the
substrate. The weakening step preferably includes a step of
implanting at least one element, preferably a gas, this
implantation step bkeing conducted in a different way for
25 the first and second regions.
¢ The step of producing the interface or
intermediate laver 1includes a treatment step adapted to
render a surface layer of the substrate porous, this
treatment step being conducted in a different manner for
30 the first and second regions, followed by a coverage step
in which the layer is produced on top of said porous lavyer.
In the particular case where the substrate is ¢f silicon,
this treatment step advantageocusly includes electrolysis in
a hydrofluoric acid medium

35 ¢ The mechanical and/or chemical strength of the



whereby at |least the first region is nade weaker than the 20 second region,
said buried | ayer being disposed between a portion formng the |ayer and a
portion:formng the substrate. The weakening step preferably includes a step
of inplanting at |east one el ement, preferably a gas, this ind aritafien
step being conducted in a different way for 25 the first and second regions.
The step of PiORRMRIMAY the interface or internediate |ayer PRETHRIBEIA66
treatnent step adapted to render a surfaée |ayer of the substrate porous,
this treatnment step being conducted in a different manner for 30 the first
and second regions, followed by a coverage step in which the layer is

produced on i@peofasai drporodsetayes. ldyert hesparddcil @ casenyhenerthg
substrate is of silicon, .this treftnent st ep advant ageously ifcludes

el ectrol ysi s'FA° & 6T uoFPe St o et tim 35 - Shd h&nhi cafantr b LY

chem cal streagtdnofséhe 3rdgAlG 2005mpM0D €2/ 084724t RETE FRO2£03266ngi nter f ace
of connectinghé@.§£ Hﬁ;”E%ifgedmgthPn%ﬁﬁf?{Q?-Qﬁat tre%tnegt to §electively
strengthen or selecti'vel y~ weaken sone tegi nglcghpﬁPga £o°© th%Pg,a%%%brding
to whefher porogsa matter adfs, bonidinged ougleered ssur f @ggeesoud pamrousconbteri al s,
buried_defecﬁfcrg@§§99§egf other mcr ocavi ti es. The step of
producing the intertace i1s followed by a step of denobuuunting the |ayer
fromthe substrate. *Bétsweherheistpdicigrodulsng ntke fieneerifaacéchhdwete

lifting 10 off steprethese iedvantagepusl y) &, ,bpnding, step dupihngrawhich the
| ayer is bond%d to a second substrate. Said bonding step advant ageously
consi sts of POTeewT afadhedPon’ BENHiRE @rtaRnest el donding, the thEtFaft er

case usihng aprr aghes),verhardened HyvdM ages€S1 N, 0 hénPOhyMefadhesiveg 15

for example. In these cases, the dericunting step is _ad%gnta eousé ‘

ef fect ed by S&1G" etdti ng4Rd/ of ® aptiea | G of TecHAhi CHPStrass. “The | ayer

is of sem condugiog saterizalkantSuysoGely consists of molecular adhesion
bonding or adhesive bonding, in the latter case using an
adhesive hardened by UV, a resin, or a polymer adhesive,

15 for example. In these cases, the demcounting step 1is

advantageously effected by acid etching and/or application
of mechanical stress.

¢ The layer 1s of semiconductor materials (Si, Ge,
SiGe, §iC, GalN and other eguivalent nitrides, AsGa, 1Inp,

20 Ge, etc.) or ferroelectric materials or piezoelectric
materials {LiNbO;, LiTaOs;), or processed or unprocessed
magnetic materials.

¢ The thin layer on the demountable substrate was
obtained by thinning an o<riginal semiconductor material

25 substrate.

e The thinning is obtained by machining and/or
chemical-mechanical or other polishing and/or chemical
etching.

¢ The thin layer on the demountable substrate was

30 obtained by cutting into the original semiconductor
material substrate.

e The cutting is achieved by cutting at the level
of a buried weak layer.

o The buried weak layer is obtained by implantation

35 and demounting is obtained by heat and/or mechanical and/or



SiGe, SIiC, GaN and other equivalent nitrides, AsG, |InP, 20 Ge, etc.) or
ferroelectric materials or piezoelectric materials LiNoGB, Li? q3%\ Glﬁﬁg
processed or unprocessed magnetic materials. The thin layer oMt Q
denmount abl e substrate was obtai ned by thinning an origi nal sem conductor

material 25wsudsegsate. The thinning is obtai ned by machi npag/Ia0/@res
chem cal - nechani cal or other polishing and/ or chem cal etching. The thin

| ayer on the dericuntable substrate was 30 obtained by cutting into the
original sem conductor nmaterial substrate. The cutting is achieved by
cutting at tchrgeleé/ei pra@ bH{i ed weak | ayer. The buried weak | ayer is

obt ai ned by irrplfaan% ation’ “35 and demount i ng i s obtained by heat and/or
nmechani cal and/ or 3 ¢ TAUYG MBSO HR/ D841l RCT¢FROZ¢ 01266gas 16( cheénbgah,

treat nent. r'll'&pi&ﬂbséggc)e inplanted is a gas (hydrogen, helium etc. ; . In
terns of procuc-, the invention proposes an 5 assenbly conprising a |ayer on
a substrate, said | aver teggisngodonpeetedtit o sat d isulssttratre by cansiest eeflace of

whi ch t | i, r nﬁﬁq eqi first :hani
str engt% anﬁ%%@%%%d%ohose%%&e%i gnolhnaa@ I%élvel5 Soék%/rr.tgllc%ggrﬁ cgﬁqs%i?r %% Jte
si gni fi cant | e higheprPRaRSEhECT FRSE FOTEEVEI S dnd athel 'SeloRlE S et ohinich

surroundi ng dhe ffddsst regiroRs+t A@ﬁ@éghngré@i@ﬁeﬁﬁﬂfeQif%@&%&esieW@hChoﬁay be
conbined: A fragnent_totally or partially delimted iby cutting, _etc_ing,
ettc.) in safFiayeretont AFAST8aRact Pr SECCIS (FEGISER arfd ‘<t &%%cgnaeV@Ei on
such that sabfl secpaditeyi eArchynd alieng rtikenperi pheyneoftisai dcheagnest. The
interffﬁe iSlgggpycggdb@ﬁgeggcghgu£égf§nqgurrounding the first region.

According to preferred features, which may be
compbined:

e A fragment totally or partially delimited ( by
cutting, etching, etc.) in said layer contains said first

15 region and said second region such that said second region
runs along the periphery of said fragment.

¢ The interface 1is produced between a surface of
the substrate and a surface of the layer that are bonded by
molecular adhesion. At least one surface of the interface

20 preferably has a lower roughness in said second region than
in the first region.

e The interface 1s formed by a buried layer in an
original substrate, the first region being weakened more
than the second region.

25 e The interface is formed by a porous layer between
said layer and sald substrate, said layer having
differences o0f ©porosity between said first and second
regions.

e Said layer is further bonded to a second

30 substrate, advantageously by molecular adhesion bonding or
adhesive bonding, for example by an adhesive hardened by UV
radiation.

¢ The mechanical and/or chemical strength of the
interface or connecting layer is selectively modified with

35 the aid of treatments (heat treatments, UV exposure



the substrate and a surface of the layer that are bonded by nolecul ar
adhesion. At |east one surface of the interface 20 preferably has a Iomer
roughness in said second region than in the first region. The t e is
formed by a buried layer in an original substrate, the first E dﬂj
weakened noreo bhesy7ihe second region. 25 The interface isPtqmannhyﬁa
porous | ayer between said |ayer and said7substrate, said | ayer having

di fferences of porosity between said first and second regi ons. Said |ayer
is further bonded to a second 30 substrate, advantageously by nol ecul ar
adhesi on bendlngﬁﬁr dhesi ve bondln%iafor exanpl.e b an a?heﬁl%ﬁlq?rdened by

W radiation-® chaii-cal anc h%ﬂ]Céiegf%%n§¥ efface or
connecting | ayesalisegel ecti vehynibdirin edowi tdel 85 ¢l i dsofehgeatnents (heat

{reatments. U sxposure g1 AG,2005 YO 921 0BAT21. PCT/ ERNRLOT200 o1l

treatments, Taser 1rradiation ttea arée Tocalrze
nonuni f or m tbosehecheveliy gsrengiusstiom el ewtdived yraeakencsdomerfegicons nore

than others, B@ES% dinge 651 Whether it éiesfe%t%ue%tr' %&éo@@“ginﬁoﬁgg%%ﬂ@d

surf aces, orous materials, buried fects, or gaseous or nongaseous
nlcrocaV|t|e@lcrq%@V}éy%$ is of sem conductor materials (Si, G, SiGe, SiC,

GaN and ot her eqU|valepﬁenl%gége§5 ASCRerlinRna Rt cderdoel estri eeor
pi ezoel ectric, materials a3, 10 Li TaG3 rocessed or rocessed

magnetic matetid sS10Br | Ndé§9nﬂﬁh?ﬁ1%ﬁu%ﬁ% %?gmfﬁé§léﬁﬁun%§ Yeatitres and
advant ages ot:the bRvenrtrirer] aMtdli cengr gﬁléz@mé@eﬂ@l kn@wemgadesccmlptm

whi ch giv Y of nonllr dtin | lustrative exa e and. with 15
Fot of ehtet ot RaSHec oo dtiy e T el g g P 4 S Ch: TH T G T <
diagrannatlc parti al Bpiefi deserpption of the drawings

Cbjects, features and advantages of the invention

will emerge from the following descripticn, which is given
by way of nonlimiting illustrative example and with
15 reference to the accompanying drawings, in which:

- figure 1 1is a diagrammatic partial plan view cf a
surface on which two regions are prepared so that they have
different molecular bonding characteristics,

- figure 2 1s a view 1in section taken along the

20 line II-II in figure 1,

- figure 3 1s a view of an assembly comprising a
thin layer on & substrate with an interface of the figure 1
type,

- figure 4 is a diagrammatic view in section of the

25 assembly of a thin layer on a substrate,

- figure 5 is a wview 1in section of a substrate
wafer provided with a proctective lavyer,

- figure 6 1is a view of the figure 5 wafer after
recessing it,

30 - figure 7 1is a view of said wafer after filling
the recess with a deposit of oxide,

- figure 8 1is a view of said wafer covered with the
oxide deposit after polishing,

- figure 9 1s a view of said wafer after

35 elimination of surplus oxide coating,



surface on which two regions are prepared so that they have different
nol.ecul ar bondi ng characteristics, - figure 2 is a viewin secthfg§ggken
along the 20 line Il-11 in figure 1, - figure 3 is a view of a
conprising a thin layer on a substrate with an interface of the figure 1

type, - figup®) ¢h/dgy7®y di agrammatic view in section of the 2oEsRENRhYeof a
thin layer on a substrate, - figure 5 is1g viewin section of a substrate

waf er provided with a protective |layer, figure 6 is a view of the figure 5

wafer after recessing it, 30 - figure 7 is a ViEM/Of said wafer after

filling the recess w sit of oxide, re V|em10f sai d
n&a e%l{%l

h a de?ﬁ
waf er covered with the *9%ide depdsit dFFgrcﬁblfg ref 9fF&1R%i ew
of said waf ethaf tterin 3bagkrm mat iadncaf sSuxphys oxicdeckoala gy Ik AUE2005 WO
02/ 084721 P éFFDZ/OlZGG 18 - figure 10 is a view of said wafer after fixing
the thin |ayert 5P Aft&r fixing a thick layer and then thinning it, - figure
11 is a variant of thefasseably ﬁsmaﬂvaﬁiaﬁtfb@um@elﬁmﬂemwwycmsihb oXi de

coat [ ng: penef [aLes 110 the, SUbSLEale,and LaLe Lhe Lin ) aver ;o Ol guce 12

is a var ant™ o oxi de coatlng
is on the thinb$ayers andfigu@etms téla bayﬁant of the assenbly [sic] of 10

figure 11, in which the; gxideiocqupies,different regi onsdiy hessubsppate

and in the thin | ayer, gure shows a variant in which tthe interface is
formed of a fﬂa%?efb@neanby tehi 6bAs akldrffeprehfd #wat epi Abg thin LAVSTexanpl e

SiQ and Si3N1)115 '-ffﬂcgluﬂe153| asa yarh 2AdnOf ofi gWee dssemSNPW 89cR of
pIuraIiéy Offlggégnflfo£gﬁgh?¥h T eoékgge cccuplies different regions in
the substrate and in the thin layer,

- figure 14 shows a variant in which the interface
is formed of &a layer formed by regions of different
materials (in this example S5i0; and SisNg),

15 - figure 15 1s a variant cf figure 10, showing a
plurality of regions formed by the oxide,

- figure 16 1s a variant of figure 14, showing an
intermediate layer formed of a plurality of regions of
different materials,

20 - figure 17 1is a variant [sic] showing concentric
and alternating rings Z; and Z;,

- figure 18 is a wvariant [sic] showing an array of
regions Z; in an overall region Z,,

- figure 19 1is a diagrammatic view of the assembly

25 of figure 4 after depositing a surface layer,

- figure 20 is another view after molecular bonding
of a final substrate,

- figure 21 is another view after application of a
lift-off operation,

30 - figure 22 1is a diagrammatic view of a wafer
obtained after lifting off and polishing,

- figure 23 is a view of a demountable assembly of
the figure 4 type,

- figure 24 is a view thereof after production of

35 the whole or part of the components, for example a first



- figure 16 is a variant of f' gure 14, showing an internediate |ayer fornes
of .a plurality of regions of different materials, 20 - figure 1li is a
variant [sic] showi ng concentric and alternating rings Zi and Z%W,AUEHmbure
-Eis avariant [ sic] showng an array of regions Z1 in an overall region
Z2, figure 1&g e/egadbpgranmatic view of the assenbly 25 of ptiror@/61288t er

depositing a surface layer, - figure 20 ns another view after nol ecul ar
bonding of a final substrate, - figure 21 is another view after app'icat.on
of a lift-off operation, 30 - figure 22 is a diagrammtic view of a wafer
obtained after_ lifting off and polishing, - figure 23 is a view of a

dempount abl e &Es3embi YO0t 9% e figure 4 type, - figure 24 is a view thereof
after production of - 35 4iwee Wbl ésora pardw of heheoforgarentds pdoirt exanpke a
first 31 AUG 1005 WO 02/ 084721 PCT/ FR02/01266 O transistor, gate, - figure
25 is a viewthereof after aenosition of oxi de, - figure 26 is a view thereof
after planarization 5 byg@W, 26 flisgur evRevi $harepdw aftereoplafitet zableoul ar
adhesi on bonQ% ngukincluding heat treatment), - figure 28 is a view thereof
after dermounting and deoxidization, 10 - figure 29 is a view of a

denobunt abl e assenbl y- of19¢he 4 gurie 4atygéew- thguref30afses vireweeHeREOf

after produciiofsiOf bERAPIRENL SelnaihgUidaBleiSadnyhew thereof after
dencunting with 15 no transfer to a target substrate, by hydrofluoric
et chi ng - figure 28 1s a view thereof after demounting and
deoxidizatiocon,
10 - figure 29 is a view 0f a demountable assembly of
the figure 4 type,

- figure 30 is a view thereof after production of
components,

~ figure 321 is a view thereof after demounting with

15 no transfer to a target substrate, by hydrofluoric etching
and/or application of mechanical forces,

- figure 32 is a view thereof after demounting into
a final substrate and a substrate that can be recycled,

- figure 33 1s a wvariant of figure 30, after

20 cutting of trenches or notches between components,

- figure 34 1is a view thereof showing a component
in the process of being lifted off, for example after
hydrofluoric etching,

- figure 35 1s a view analogous to figure 4,

25 - figure 36 1is a diagrammatic view in section of
the figure 35 assembly after adhesive bonding of a
transparent substrate,

- figure 37 is a view of the upper porticn of this
assembly after 1lifting off and polishing,

30 - figure 38 is a view of the upper portion of this
assembly after lifting off and polishing,

- figure 39 is a view of an assembly analogous to
that of figure 4 showing regions [ lacuna] are eliminated by
chemical and mechanical cutting,

35 - figure 40 1is a view thereof after bonding an



and/ or application of nechanical fcrces, - figure 32 is a view thereof after
dencunti:ng into a final substrate and a substrate that can be recycled, -
figure 33 is a variant of figure 30, after 20 cutting of trenchéspusrligjot ches
bet ween conponents, - figure 34 is a view thereof showi ng a conponent in the
process oforrosg7dii fted off, for exanple after hydrofl uscTHRO2OINGEY, -
figure 35 is a view anal ogous to figuee 4, 25 - figure 36 is a diagranmatic
view in section of the figure 35 assenbly after adhesive bonding of a
transparent substrate, - figure i? is a view of the upper portion of this
assenbl y after uk{tlr%gc of f and polishing, 30 - figure 38 is a view of the
upper porLf ion of assenbly after lifting off and polishing, - figure 39
is a view of an asiembflyé ahal ogousg teietvhdto ot flc’gm@r 9 sshow ngfreyi ons

[l acuna; chen utting, 35 figure 40 is
oot fftlg?“l 3¥ ) an éLCeiAVAé?CJderz o PBRa o BT P05 01268 20
upper substrate, — ferggm‘ee is a vilew tf aalflaﬁgéffm%w @ nefl carp Usassenbl y

i nclaidi ng. it es4 eaved-4 egions 21 and Z, - figure 42 is a view of an assenbly
anal ogous to 5 that of figure 4, - figure 43 is vi ew t hereof after

deposi tion of an EpiTHha af S stack bVaLseefH L ettt affﬁﬁurdepﬂ’él%oal View t her eof
after bongi r%la;a\SlLﬁletg’tai@q B ed fdrguray,45 is a view thereof at the tinme of

lifting off, - figure 46 ig,a view of the p orti nthere after
pol i shing, - figur gfrl@fﬁes 24vr & therdot” afétil.ﬂ‘&rerQ mo@ Al €6f Pﬂ%
substrate,
10 - figure 45 is a wview thereof at the time of

lifting off,

- figure 46 is a view cof the upper portion thereof
after polishing,

- figure 47 1is a view therecf after removal of the

15 layer under the stack,

- figure 48 1s a wview 0of a substrate including a
buried weak laver, and

- figure 49 1is a view of a substrate including a
buried weak layer portion.

20 Description of the invention

1 - Molecular adhesion bonding interface

The preferred examples selected for the detailed
descripticn primarily relate to silicon, which is generally
available in the form of round substrates, for example of

25 200 mm diameter. These methods transfer readily to other
systems characterized in particular by materials other than
silicon, in a nenlimiting manner and without departing from
the scope of the invention.

Some embodiments c¢f the methed according to the

30 invention tend to encourage lifting of the layer off its
substrate at the overall level, i.e. on the scale of the
whole of the substrate, while others tend to delimit
fragments.

An assembly to be produced in the former case is

35 shown diagrammatically in figures 1 and 2, the interface or



15 layer under the stack, - figure 48 is a view of a substrate including a
buri ed weak |ayer, and - figure 49 is a view of a substrate inc:\/gqi 8@1@5
buried weak | ayer portion. 20 Description of the invention 1 - e P
adhesi on bonding interface The preferred exanpl es selected for the detailed
descri ption W amessbyr relate to silicon, which is General |l ypcaverd2alkes i n t he
formof round substrates, for exanple of 225 200 nm di aneter. These net hods
transfer readily to other systens characterized in particular by materials
other than silicon, in a ronlimLing manner and w t hout departing from the
scope of the vent i.0 S odj ts,o ccoy di th 30
i nvention tend{1 To éea?]c&gtuer agg; § |5?1%g§ t %J?%}gnpg@ #‘Qf}tg s%bs?g%\sgeat gt he
overal | | evetepiesentiond thiee scageoof inhehiwholle aofl ttb@n@lmwaféerwhrée
Others tend 40, debi gbt o agnents, Aassambly tacue By qr mer
case is 35 shown di agranmatically in figures e |nt ace or 31
AUG 2005 W\D 02/ GBA 72T UPET/ FROPID1266 SXE Mimiteer frbditdte p@@éargh@m of a

di agranmyati cal}yadd {HoMA€e2 +HEPLESERL APt Re 1801 0N d 1 Whi c}havpﬁgl bandi ng
di fferences areto be created. [n addi |ontothesef|gures 1%ureB in

particul ar SHOVRT GHe xanpl e o thEcphepar at Yontof 1@’ Sartacedi htereigd to

participate méb}aihicfﬁprfs@@@nkjawsng Td nbeafﬁr@Ql’eda;BkC@cmé h the dHweakkgplet Wo

regi ons havi di fferent hanlc strengths. To _be.nore precise, 1n the
exampl e sh ?W?’he%ﬁj é)(‘,b[j %Cs to° O%Palorpté?' g‘en’? r SEPFEGiorr P Uhose “RBERani cal
strength F-iméshdmessalhanttbagtEc2tef as 10 ¢eri pheaal regtontZ?2 swfroandi ng

the cenptral regi £ t sed. tq oht i gher bondi ng
energypé n thé %ie ip era% ée(grﬁ oir}re hé%l% ﬁ%e gceenn[ a ailegqlgonrpﬂ Exanpl es
of 5-02/Si 02 and Si 118 102= Iy mgthods can be used to obtain a higher

bonding energy in the peripheral region 7, than in the
central region Z;. Examples of S10;/5i0: and Si/Si0; bonding

are considered. In the case of layers of different kinds

15 (Si3Ng is another conventional example, but there are also
silicides), and by analocgy with what is described
hereinafter, it suffices to use appropriate chemical

treatment (for example NHCH/H;0,/H:;0O (also known as SCl)
for 8i and H3PO; or HF for SisNyg). Figure 4 shows the option
20 in which the substrate 11 and the thin layer 14 are of
monocrystalline silicon and two intermediate layers 12 and
13 are formed pricr to bonding on the substrate 11 and the
thin layer 14, respectively. Of course, only one of the two
intermediate layers 12 or 13 may suffice, and the situation
25 in which neither o¢f them exists (i.e. that of Si/Si
bonding) must be considered (i.e. there are two special
cases). If the intermediate lavers 12 and 13 exist and are
both of 8i0;, the system 1is referred to as 8i0,/510;
bonding. If only one of the two exists, and consists of
30 510;, then the system is referred to as Si/Si0, bonding.

A number c¢f techniques can be employed to produce a
structure like that shown in figure 4, 1in addition to
technical aspects related to mclecular adhesion bonding,
including these previously cited, for the production of

35 nondemountable S0OI  substrates (see Semiconductor Wafer



are considered. in the case of layers of different kinds -5 (Si3N4 is anot her
conventional exanple, but there are also silicides), and by anal ogy wi th
what is described hereinafter, it suffices to use appropriate chén{é\ﬁﬁm%
treatment (for exanple NHAOH H2C2/ H20 (al s(D known as SCl1) for Si and H3FO4

or HF for Si 3id)o20gumdre 4 shows the option 20 in which the pubsgRE26bl and
the thin layer 14 are of nonocrystallinezgsilicon and two internediate | ayers

12 and 13 are forned prior to bonding on the substrate 11 and the thin
| ayer 14, respectively. O course only one of the two interrredi ate layers

12 or 13 mayBsOf ice, nd Ct1 t|on in élh gh eelther Xi sts
(i.e. that of S §ig’ Cnlaerhcge) I&% s(?%er . OB f"ﬁléire are %%}
special caség)ley f Itﬂt@nsm;@nmem Mlllawen@mZ 113 eesteiaraf mare ot h of
Si 02, the system,is,jef %”?%f%gréé $ 02%@ 02, bopdipg. =t anly,0n¢ .0 9&5419 two

exi sts, and cornsists o thnt e systemis referredto as
bondi ng. A nurmyer mmme@mmé@ecmwr@fmsoyeﬁcqaptper@am rfuzét@rial li ke

that shaywn in fdgure 4,150, addi EBQDtEQnaEeC?BH%‘xa@rﬁﬂ%“épﬂt%ﬁ%@ tpayer
mol ecul ar adhesi on bonding, including these previously cited, for th

producti on of:B5dARCHERBANCABICe 1S5 stB¥EF atlds (S8e SSEF comeirtor Waf e‘?h% 1
AUG 2005 WO 024/-Q847n42k, PC{IhEROZAQa%ﬁay&Z Bendiong.aiseicenee af hdndesfnolgy, Q

Y. Tong and U. Cosel e, tel science Pu Ilcatl qn [s Her ei naft er
Vo TS, a0 GeoSonele oMoV {Relsgl enee BUbLLaaLlay [ohel), tere nafer
t he conponents;e except &or boertdi ACSpedsalr )5 amselsom@ whilicktah addid i oAl ,

for exanple epliaxial il guer, i5 deposiied,ory o bheLayer, L n some.

vari ant's of the ayer 1 s obtaine
structure chemGaliys aﬁdﬁcrbmﬁamﬂcaphyslq"heser@/ra@‘i’@ht $‘>f ar ek nowng iasa bonded

SA (3501) and,;hand,@and et %Bl@%&néo'te]c%{l%ﬁ@)an&?of‘d%'hte'nﬁ%atlo dol ey ar

adhesi on bondi ng%nthese variants are based on physical renoval of the

original subStTHUEYRE pol i SHITG t ecHifiTguiey Sand/ orP&Hem el et cdffer 1 ed

hereinbefore as layer transfer technigues, are based, in

15 addition to molecular adhesion bonding, on demounting by
"cutting" or cleaving along a weakened region, such as the
methods described in the documents US-A-5374%564 (or
EP-A-533551) and US-A-6020252 {(or EP-A-807970): demounting
along an implanted region, or in the document EP 0925888:

20 demounting by fracture zalong a buried layer that has been
rendered porcus.

With reference to specific aspects related to
bonding for the production of demcuntable substrates, in
the case of $510,/S10, (or even S1/510;) bonding, a temporary

25 mask can first be used to deposit a protection layer, for
example a layer of silicon nitride SisNg,, onto only the
ring of the silicon oxide S5i0; lavyer(s) 12 and/or 13. The
oxide layer can be prepared in several ways (deposition,
thermal oxidation of the silicon) and can have a thickness

30 that wvaries according to the application. For this example,
a 1 pm thick thermal oxide 1s chosen. The following
structure 1s therefore obtained: the surface of the central
disk is formed of oxide only and the surface of the
external ring (which is typically a few mm wide) 1is formed

35 of the oxide covered with an additional protection layer



techni ques. O her variants, partially described hereinbefore as |aver
transfer. techniqu(2s, are based, in 15 addition to nol ecul ar adhe%io

bondi ng, on denounti _g by "cutting" or cleavinc along a weakened HegP%ZO,US
such as the nethods described in the docunments US-A-5374564 (or

EP- A- 533551) wan g2 751 6020252 ( or EP- A-807970): denounti ng pca/PRO2/GL66

i npl anted region, or in the docunent EP (0925888: 20 denounting by fracture
al ong a buried layer that has been rendered porous. Wth reference to
specific aspects related to bonding for the production of denountable

substrates, the case of Si.Q2/Si (or even Si/ Si02) bonding, a tenporary
25 mask can 4‘£P§t eﬁ‘émﬁzgdoﬁon&%&gﬁ?‘za protection |layer, for exanple a |ayer
of silicon nitride SrBNd, iont 6odhbyetihey ripgrofl theisi ldcden exiédend' t@2

| ayer( s) 12_and/or .. Th xi de layer nb repared i.n _several S
- deposi £ on. *oUHE el 5x ALt Fon O CRE SPTL86n) AndCod AV 4 VCH CERIeEs 30
that varies actor diheg ttha akdresapplfii catlon. réveovehi sFexarpkd, aprl Lopritdm, ck
t her mal coxi de, LS The f oll ow.ng ructure i r.ef.qr i . the
SUrface ol ¢ hECoERt EaTEngl CRn ot O S i te POy HRa Tt b SurTAcd of ¢ he
external ringf(Whechonslitypineally taef ewtimcwicde priosiucdinged heofc ope nexitde

covered wi th an agddi td,0Ral.ipf0t gebieR) | averi 3, 1 e 2005 MO Q24 084¢2L e
PCTYFR02/ 01266 23 (for exanple of nitride). This is followed by hydrofluoric
aci d et chi ng®EoaTEBd§RER t heilir f 8t offethedoxisde Pt ridtighehifg ific¥dasi ng

with the thi ekpesstohgoxidgiremved. hrofofacdyapphd Lat bobhi bgt ke neughress
can, bes Gt LTizeds cheBe Licular s function of the condiflons of the,
f or med WI t homho_udelnaim' rat iier , aan@_i;_otohie mmhmdn@dopmdarfomﬁstehe fA nadi_tride
derounts g, SRGRLLY MYUALLUGELE 851 d S 0nctacterved0 Aliges o
conprom se. Axaierifdeom hydrofluoric acid etching, which increases the
roughness of the central region of the oxide layer(s) 12
15 and/or 13. The nitride is subsequently removed by etching
with hot (> 110°C) orthophosphoric acid ( HsPOQ4), for
example. This can be combined with selective wet or dry
cleaning to obtain different hydrophilic properties between
the regions 2Z; and Z,. The resulting effect 1is one of
20 weaker bonding than the standard bonding at the center and
bonding identical to the standard bonding at the location
of the ring.
If the oxide removed 1s thick, 1in particular
because the application reguires this (especially in the
25 range of a few thousand A, knowing that 5 000 A is a good
starting compromise in many cases), 1t must be noted that
in addition to the required effect of locally increased
roughness, a difference in level 1is created between the
central region {which has heen hydrofluoric acid etched)
30 and the ring { which has been protected from this etching).
To obtain bonding of wvery high quality in the ring, in
compination with bonding of satisfactory guality 1in the
central region, it may be necessary to eliminate c¢r reduce
the difference in level in some cases. It can be

35 appropriate to use polishing for this (for example



t hi ckness of the order of 1 000 A protects the underlying oxide from
hydrof l uoric acid etching, which increases the roughness of the centrf
region of the oxide layer(s) 12 15 and/or 13. The nitride is subs @5
removed by etching wth hot ( > 110(7) orthophosphoric acid ( H3P04) , for

exanpl e. Thi sy@§aoher¢onbi ned with selective wet or dry cl ez/pRod/@12ekt ai n
different hydrophilic properties between ;4 he regions Z1 and Z2. The
resulting effect is one of 2C weaker bondi ng than the standard bonding at the
center and bonding identical to the standard bonding at the ' Iocation of

the ring. If the ox noved._ i s thi rticular cause

appl i cati on FgaﬂfF@ PﬁFEaF18§ﬁeéﬁ§H ﬁqgthegéﬁ%h?%nég' fh% Pé%f?ﬁ§G§§hd A,
knowi ng thatih O0DOvAlj s polgioadrst artthare ¢onpsonpsfofn naNY caasesksultcspust  be
not ed t hat kg addhtlon o %@e re%U|r§ eff%%} of . Ioc%hjy kncr aggg the
roughness, (fter'erteH JErPs Treated betweth the & cSALIAl region

(whi ch has b@emshmdnﬁﬂukﬁam acnd eﬂehedareo ardd thecremge¢whichchas been

protected 1 amLERLS 2 aR NG: e lomgbgﬁ Qn%@g@é veryohigh quality o the

ring, in on wth satlsfacto qual ity 1n centra
region, it mygh@nneﬁéest‘s}aeyrﬂ@gelmnh@@ep@ﬁSﬁ@@uc@S*ﬂt&f@% f Ferenes i rrhicevel

in some case$)htn¢aR ke 3% 1appnoprials, {0 use Oiééﬁlfﬂeéofotﬂhé Fi0/g.
exanple 3 1 AUG 7005 WD 02/ 084721 1' CT/ FRO2/ 01266 24 c enlcallnechanlca

pol i shing). BécauSkeof TWesWitteredde FATFEvEF; pofighi ng that 3 a pid or

uni form reSUlpfr@ferbh"tQ'dgﬂlya glianaldzing effegt at rpaﬂllssu\mj |c1<<5\@NVI’1wE_@ht he
person ﬁkl||ed in the art of croelec FOHIﬁi prefereni}se Ilsglng of
the engeFgent CFEGEGR, CPENd N hd OLr E§PBRLGT @rﬁpﬁg CRYCAEIpr- e&F Sistdnce.
However, thethpoltshgngxaamhakSOOBe1umiem@nananlyrbg¢ahlzedato'ﬁdﬁarbdqp | f

t he substrat% d{ﬁ%hugﬁlar the rlng ncan bﬁo gref§renakall% p%%o%QEd u5|ng
a polishing cFo a 10 centra opéni ng, fTor éxanpl e, "t her eby re UC|ng
the | evel of polishing 1leads to higher bonding energies than are

obtained by conventional molecular adhesion bonding ( with
15 no polishing}. This therefore combines two effects tending

toward weaker bonding than the standard bonding at the

center and stronger bonding at the location of the ring.

This combination 1is another special case of what is shown

in figure 3. Ancther way to reduce the level of the ring to
20 that of the center is localized wet or dry etching.

An alternative to this is to roughen all of the
intermediate layer(s) 12 and/or 13, i.e. without protecting
the ring, but to add treatment localized to the ring that
significantly increases the bonding strength. These

25 treatments include, for example, the use of an oxygen
plasma or localized annealing, one aim of which would be,
through a flow effect, to reconstruct and reduce the
roughness of the surface of the oxide, or any other
treatment known to the person skilled in the art to improve

30 the cohesion of the assembly. These treatments have the
advantage that they do ncot create any relief.

Another alternative relates to the use of localized
thermal annealing (laser beam, nonuniform furnaces, heating
by lamps, etc.) after the bonding operation. As reported in

35 C. Maleville et al., Semiconductor wafer bonding, Science



the ring to that of the central region that has been hydrofluoric acid
etched. Moreover, it is known that polishing |eads to higher bonding
energies than are obtained by conventional nol ecular adhesion bonding ( with
15 no polishing). This therefore combines two effects tending towatdliedker
bondi ng than the standard bonding at the center and stronger bonding at the
| ocati on of Wwornsy21 This conbination is another special eaggFréz/v@t iS
shown in figure 3. Another way to reduceeihe level of the ring to 20 that
of the center is localized wet or dry etching. An alternative to this is to
roughen all of the internediate layer( s) 12 and/or 13, i. e. wthout

protecting he, ri bu 0 .add .treatnent _| ocalized e, fin ha
significantl ;eFRE?ggg& %Ihée t%%r?gilr?& sltornenE)%S?Thﬂe\ée fépt%Za%ér‘entglsé’i ntglnﬁde,
for exanpl e, Et hetusehefiianlodygert ypltasivee il g al ¢ zeds anfeahingtoone & m of
whi ch woul d pegoq} hrough @ £ ow sffecty, tad JUEt Ang educe theo,
roughness of the sUrface of the oxide, or any other ~treatment known to the
person skill ednfanghe @ t 610hpEdven8dvt hevaiohesitda of Peél 2B seRbEYSYThese

treatments hé!?e&ﬁ‘gll?d‘i%mt@&e rté?ﬁiie tcﬁ‘@)/tgﬁp@%t&f@@ Ee?BMd_r@bbeE: AnQther
alternative relates to the use of 1ocalized thermal anneali n%_(l aser beam

nonuni form f athgEB8L1KEat FAG By | &aipd, Y &% erlt hE Bordiend “Fperatilon. As
reported in §5ughewahgviald e1ehsi. oren gondrelos twafier,Hondp ngr Scienee 3 1

AUG 2a05 WD 02/084721 PCT/ FRQ2/ 01266 25 Technol ogy .and, Application [sic] 1V,
BV 9736, 463 1HE | BHEdt rocHan Chi B, oy CoraecdiHaS e e, Shbhni Fifon, N
(1998), a 106€ranneakingct expepatur ehdicf reaseneetatihernybondi g cagarded

si gni fil%ant I ng r.y .t he bandi ng ener Xti‘r’ especi;al_l ytion 4

T enper bur es Bogortl B0 G ThES AT LG RSP va TE “He Voc B Gaetof TS
conbi nati on wst o raouggeeni the avhdkasef ondei stterarsdirat el ayep 0a2C orng3 tcor
alone [sic] (bt &ndM NP0 shep O diquahening@fe @l l hnot @8 is not to
anneal the ring at a temperature of 1 000°C at all. For
this selective annealing alternative, it must be understood
15 that, because of thermal conduction phenomena and the
difficulty of producing equipment for 1localized heating
with perfect selectivity, localized heating can result in a
heat input gradient. In this case, the annealing
temperature can be considered to be at a maximum at the
20 edges of the substrate and to fall on approaching the
center of the substrate.
Another wvariant of the method of producing a
demountable substrate can be based on a difference in
chemical nature between the region 2Z; and the region 7,.
25 The following pairs may be cited by way of nonexhaustive
example: Z2,=810; and Z:;=851i; Z1=S51:N; and Z2,=510,; Z2:=S51:N; and
Z;=81, etc. Only the pair 2;=510; and Z,=51 1s described
here.
As shown in figure 5, a protective ring (of resin,
30 deposited PECVD, eilc.) a few mm wide 1s deposited ontc a
silicon substrate to define the dimensions of the region
Zy.
The structure is then etched (wet or dry, by any of
the techniques conventionally employed to etch silicon) so

35 that the etching attacks only the unprotected region.



very specific exanple, that nust not in any way be regarded 10 as limting
on the lL.nvention, applied to SiQ,/Si02 bonding is to anneal the whole of the
structure at 1 000C and to heat the ring selectively to 1 200C. Arohb&Iy s
not to anneal the ring at a tenperature of 1 000C at all. For this

sel ective angabhi/pgy7alternative, it nmust he understood 15 t gty rReGesse Of
t hermal conduct; on phenonena and the difdd culty of producing equi pnent for

| ocalized '"eating w th perfect selectivity, localized heating can result in
a heat input gradient. In this case, the annealing tenperature can be
considered tg be at maxi num at the 20 edges,of .the substrate and to fall on
appr oachi ng ﬁﬁ%ﬁaEéﬂ?%reg§hﬁﬁg e% gﬁgiﬁ%?ngari fit ' of“3'he® ﬂ%?h&ﬁ of
produci ng a edeﬂnagéabbe subst palg tan benbasedson@ahdhbﬁer@wcelmmuechénlca

nat ure betwe [ n,Z. the r.eqgi o e f rg - LS may
be cited by ﬁge nf? g 5&8 |%§%/efa519% CgiZ%?%zé g %mg§£§§§ h%nd
Z2=Si @2; Z1= Sb@E&4caﬂds Zzhslppet@tlcnlyftﬁeppantlzg 8|@anﬁdt22ﬂsdaw9r

descr i b§d PE%/O o C%BQ?’QF' “ifahgmnbgng'ab? proh%?%g%ﬁ?eégngo‘?f ERSI Nie 304

deposite ew nm e Is ep05| onto a silicon substrate to
define the d?W@h@V@ﬁs ofoceRé leg- dm VoY inphe st raetir eof s tRaAVénehedhe wet

or dry, by apy.ef-tthe techni quesi¢onvenibenal by emphoyed t0+tetgh siddseon) so
35 that the etching attacks only the. unprotected region. 3 1 AUG 2005 WO

02/ 084721 PCTFFRB2/ 622665, 26SVEERHAI ¢8I L&8ERPNG: ( m - ding, polishing, etc. )
can al so be envisagediso dé]fa_tneQ;myhéth@%Iﬁtl@h I Sf macki neshidy virtuesef the

fi t d/ t ool | o In the ab th
oper attn of “ABPoSTFRD! a”BrotUet f BA-PayBr BoshottDnger | ndi Spensabl o

Regar dl ess of the nefhodxielpl dbyedicgassithldy bnvalhe ngVa stregesfs renowvilrg t he
protective ripg),2,§ 14, gon wafer is,obf al-ped W thya 1 €¢83%ness of the
layver of oxide deposited is much greater than the depth of
the recess, producing the structure shown in figure 7.

15 Planarizing by polishing eliminates the difference
in level between the ring and the center of the structure
as well as the high inherent roughness o¢f this type of
deposit (see figure 8). Hydroflucric acid etching then
produces the structure shown 1in figure 9. In this case,

20 hydrofluoric acid etching is stopped when the silicon is
flush with the ring. This produces a "silicon ring and
roughened oxide at the center™ configuration, which defines
an energy difference between the regions 7; and 7, firstly
because these two regions have different roughnesses and

25 secondly because the nature of the materials is different
(different molecular adhesion bonding properties).

Depending on the energy difference required hetween
the regicns Z; and Z; the above sequence can be modified
to yield a "silicon ring and nonroughened oxide at the

30 center” configuration. To this end, the hydrofluoric acid
etching step can be eliminated, for example, and the
previous polishing step extended so that polishing the
silicon ring results in a flush surface. In this case, the
energy difference between the regions Z2; and Z; 1is

35 essentially caused by the difference in the nature of the



at the center, as shown in figure 6. This defines the |ocation of the region
Z1 (disk 10 with recess) and the region Z, ( outer ring) . 15 An Gxi deg 1085

deposited by the CVD process on the resulting substrate with a recess. The
t hi ckness of the |aver of oxide deposited is nmuch greater than the depth of

the recess, wodugsqrgithe structure shown in figure 7. Pl an®dEFR®E/ON66
polishing elimnates the difference in level between the ring and the center
of the structure as well as the high inherent roughness of this type of
deposit (see figure 8). Hydrofluoric acid etching then produces the

structure shog e Ln this drofluorlc cid etchlng i's
st opped when™ %ﬂ%ré?ﬁlco; %hlflugﬁeMA é%gﬁﬁé “Thi g prgagces a "silicon

ring and roughened bxmdeeaB Uheipentenﬁﬁkonﬂ¢g@$atlbavemhuﬁhudeitQGSLnan
energy diffeg gQC 1Q%5W%%%t¢]eﬂ§9{9 déigaggbon el 15 | ¥ bE E%H%? Lhesg two

regi ons have erent roughnesses a 'y because f fure of the
materials is(dithereht Yebfierentaholdeal driadiresilén vordilg eroper tiles) .

Dependi rg OnoEgglﬁQ@rgftg'rf 5@5@993 re@&u'v%qaa%t \é%%eltsta% regi-ans 41 and+72,
t he above sequence can be nodif yi e l'icon ring an nonroughened

oxi de at thethseecémﬁﬁat%ﬁﬁﬁu@ardﬂrbnSlﬁé ﬂﬁist@ﬁd't@ﬁ% hydest | Lbr il ¢ <4ci d

et chi ng stepfggarbeleblnb@ab@en bar vexamph ecsandckheigprevioys polishing step
ext ended so that pol silicon ring reéﬁ%ts in a flush surface. In

this case, the enerﬁ?tthF gﬂﬁe PetWeenPI e r &fi o€ 2 G z2had 35an
essential ly eausedtby tdief thfdetrence mactheiraturse einde Sad ALGL 2085 WO
02/084;%1 PCTI F 2/01%@6 a? %lrlals Sgethlsrcase th%iglffgrggce |s

smal l er” A radé and™an o e%%%? haV&Pbeen “¢i t6 1 =t he® st Gati'dh

where they ane nnodub@dlontﬂhe paibst Zareidl, 4£wilt B:+BeOresllitNt hatstheédf i gure
10 configurafLensiseq 9ot alfed aft ef o bendi nglqA van an CORSi $LS d} Gy rying

out
the required ring for the whole of the structure using

conventional masking technigues { photolithography,

15 mechanical methods, etc.). This structure has the advantage
of excellent chemical etching {for example hydrofluoric
acid etching) selectivity |between the two materials
concerned, which could facilitate demounting through easy
and selective removal of the ring by chemical etching.

20 Other configurations are possible, for example:

- figure 13 is & variant of figure 11 in which the
central layer does not have the same dimensions 1in the
substrate and in the thin layer,

- figure 14 shows an assembly in which the

25 interface layer bhetween the substrate and the thin layer
has a central portion Z; and [sic] a material (SisNg)
different from that (3510,} of the peripheral portion Z.,
these two portions being of different materials { here 5i)
than those of the substrate and the thin layer,

30 - figure 15 is a wvariant of figure 10 in which
there is a plurality of regions Z; of a material different
from that of the support,

- figure 16 1s a variant of figure 14 in which
there 1s a plurality of regions Z, and a plurality of

35 regions Z, of materials ( here SisN; and $S10;) different from



t hese operations on the side of the thin layer 14 (see figure 11) , or even
on both-sides ( see figure 12). Methods for other pairs of materials that car
exhibit a difference in mechanical strength can include a 10 smal § bl of
additional steps. For exanple, if the aimis to obtain the pair Z1=Si Nd and
Z2=Si 2, Si 3Ndomasks1e deposited in addition to the oxide, p@ERFRE2O8168 Lt O
define the required ring for the whole ofsthe structure using conventional
maski ng techni ques (photolithography, 15 mechanical nethods, etc. ). This
structure has the advantage of excellent chem cal etching (for exanple

hydrof l uoric_,acid,etchi selectivity between the twp.materjials concerned,
whi ch coul d ﬁ'}f 5 filteeredg%ur?t%i %éet ﬁruc%éﬁaegsﬁnda%gles\éﬁé& il\?éjerrérmval of the
ring by chem cal etchiiggre201& herd configuratroaspare possi pleraflart vexdnpl e:

- figure 13 i r.i_ant_.of .fi gure. ' [ th n er _do ot
have t he samg%le ?n%%s}ie%nsofnm{%%g %lu stéré;tl\éwa%%di hgt ﬁggt treu&%l"\pg%\ér ,( af& 1?tlsngé1ure 14
shows an asseitsl y siveiwgirclottiser wiz®)iint er f ace | ayer between the substrate and

the thin layer has a %@%Tu'}:%l pordi an. Z1 ands{ shel a-paterial; (3 3NDivy
different fromthat (Si02) of the perlgheral portion Z2, these two portions
bei ng of di f fér e ofaxtericalsndfer’e SF) 424 W t hose of the substrate and the

thin layer, 30 - figureilSriss @ vahbaat aofcdimaueak0 d mhvchy therg s, a
plurality of regjons Z1 of a nat rlagL differentt fromthat of the stﬁ)eport, -
figure 16 is '@ iHntCoffFYYure™ 19°1 AkRi cht FREFBTPsCA pIRGr &MRS (df<T%gi ons
Z1 and a plurality ah o35reeQi eagidd ©F oateotaks (heee( 5813N4 and Si O2)

di fferqlrbt from3 1 A%Ga%QOS.fVPTQZIglgél??lrgdggl FCI)?IQZI 8%26%@28 Jehrrﬁ)osuent(a kfere Si)
of the'substrate and tfié ‘t hi nqayer. Fi Bures 15°4nd°16 &4 corresponob 0 a
plurality of susdnettrsi es tofe vhi chisfiirgur ésechhiang 18 farsedexarpl e (atultdr d
.e level or Q%Hﬁﬁkaehf@re are several means as to 1ts use and to the
means to implement 1t.
The benefit of the demountable substrate, depending

15 on the thickness of the unprocessed active layer or of the
processed active layer (i.e. 1ts thickness when it has been
processed to produce the whole or part of a compenent), 1is
that it allows demounting of the active layer to obtain
either a self-supporting layer (a relatively thick lavyer,

20 whether the thickness is already present in the demountable
substrate as manufactured or obtained during deposition
steps subsequent to its fabrication, as 1s the case in an
epitaxial growth step) or a surface layer, which 1is
generally thinner, transferred ontc a target support,

25 whether the latter is the final support or merely a
temporary support which is itself intended to be demounted.

There are various ways to transfer the surface
layer to the target substrate.
First of all, transfer can be effected by molecular

30 adhesion bonding of what 1s to become the thin layer to bhe
transferred to another substrate.

By way o¢f illustraticn, a demounting method 1is
described next in the context of producing a new S0I
structure that 1s referred to herein as the second SO0T

35 structure. This kind of method, a priori less direct than



5 figure 17 shows a configuration with a plurality of concentric bands Z: or
Z2,. and .- figure 18 shows a configuration having an array nmade u%ifA$9Mﬁ
and colums) of regions of one type ( here Z,) in an overall regi‘o y e
other type (Z2). 10 Apart fromthe production of the denobuntable substrate

itsel f, usingydgehgydyes based on nol ecul ar bondi ng, there prferRENEIHZE NMeans
as to its use and to the neans to inplenent it. The benefit of the

denount abl e substrate, depending 15 on the thickness of the unprocessed
active layer or of the processed active layer ( i. e. its thickness when it
has been processed to produce the ole or part of a conponent) , is that
e al T ons HeRbentiaig o tTe. SEA S yer "EOtOBrE B TRErCaSet f Eihp6r {1 ng
layer ( a rehatbgel pft eclefliayer Th20 enhetdier d¢iesdhi cknesselstabready hpr esent
in the dennuntaghe substrate_as gﬁn Qﬁcyured or obtal%gqidgﬁkngddepo%ltlon

steps subseqieRt “f6 Pt's Fabti cat 45 15 Phet tase Thian Bpftaxi & growt h

step) or a slefaceSl0dydr ,thilch wsiclgeherakhgsthiimnedsf fransf etpedonto a
target support.; .25, whet t i i nal support or nerely a
tenpora?y su%%%?% &ﬁ?ghp?édi?gehgkﬁﬁﬁeﬁgggégéybe demounted. There are
various ways to trangher fiessurftacetumsyer st oobheingrdgeby subist r atfe. thier st of

transfer can fbepefitected by ml.ecubas ., 30.adhesion hondi ng ofjuhat i.s1t

becone t he tﬁin | ayer to be transferred to another substrate. By way o?
i |l ustrationSUESAERBANIIGTG GFStHBH 1% TelededBEd Text N rF tife edaFeke 6fe
produci ng a ABW-SOststnuekurs ttihain | sBayefennedi § othergidbas the seeand SOT
o S ek e, Siad e, IEISS Shr oL Less. & rect, {hen 3L A, 2005 Vo
nevert hel essrhasoca dfunbes abrbenefints.]aher exanplle=cahosenghenedr eledtcas t 0
the prOdUCtkgﬁd9£ga %%%On%a§OTn%%bSER%E?g%%%h %n@urg%Qe%é%%%ning heat
treatment at very high temperatures (preferably less than
1 100°C and even better less than 1 000°C or even 900°C), a
15 500 A oxide layer is formed by thermal oxidation to yield
the structure shown in figure 20. This oxide is to become
the Dburied oxide of the second S80I structure. In the
present example, the demountable substrate (11+12+13+14+15)
is molecular adhesion bonded to a silicon substrate 16 that
20 is to become the final support of the active lavyer [(see
figure 2). The stack obtained is preferably stabilized at a
high temperature (1 100°C) to consolidate strongly the
second bond at the interface of the layers 15 and 16. This
second bond is conventional in the sense that there is no
25 differentiation between regions of different mechanical
strength. The first bond, 1f subjected to the same
treatment, nevertheless has at least 1in 1its central
portion, corresponding to the region Z., a mechanical
strength less than that of the second bond. A chemical
30 and/or mechanical demounting method <¢an be used. For
example, the stack obtained as above is first immersed in a
hydrofluoric acid bath, one object of which is to overetch
the oxide lavers 12 and 13, starting from the edges of the
assempbly, to eliminate the ring corresponding to the region

35 Z, and reach the region Z;. The two interfaces 12/13 and



| ayer 500 A thick, which thickness is difficult to obtain 5 using this kind
of. net hod dlrectly The first structure is obtained by one of the fretfigdgy
previ ously described, yielding a denobuntable substrate corresponding to
figure 4. In this exanple the nonocrvstalline silicon |aver 14 is to becone

the active 1 4 this denountabl e substrate, in whi chdHRREEDT6
regi on of th3~%§%neé§?2g | ayer has been rqughened before bondﬂﬁg and{has not

under gone any strengthenlng heat treatnent at very high tenperatures
(preferably less than 1 '00C and even better |ess than 1 000C or even 900C),

a 15 500 A OX|de | ayer is fornmed bg t her mal OX|dat|on to yield, the structure
shown in fighréls0.3ahi SI&EEdENtdatd Vpetdmedt hEoBGPIVEd  oxt e of e 2$écond

SG structur@z/lm the tpreseshoexaaple, §Jk%tﬂ%fﬂwnﬁ.éb|£j*$&lrb§éc§@&@siy Bir +1
2+- 13+14+15) nol ecul ar adh si on ndg%@ S|I|cogdsubstrate 16, .t.hat 20
isto beconeoﬁﬁgefpﬁ&pesubBB?f ?fth §6F8§§r (586t i e 22 ine

st ack obtaineﬁamstm@eﬁam@hﬁwcstaBVﬂﬁzedtabea thiegh xti elepemnat ure i11e0C). to

consol i date stron the econd nd at the Ji te face | a ers and
16. Thig ?588 %6 § s é§HVél |gﬁé F%ephei%egse{%ﬁ%t tﬁérgjls no- 5%5
different|atmogmwﬂ\Mﬁﬂh&ﬁﬁp&ﬁﬁsbfemgﬁﬁerEherﬁedhan1®$& sstfengt mtcFhend i r st

bond, 11 sublgctagl Loyt hersane {68t UBRLNaYSTd el sgs,bas ral seasteda s

central portlon correspondi ng t he region Z,, anlcal strength | ess
t han that of qfhéh%@@m%@@l%selmmrééle 3®Ih§ﬁd/c@|e @@éﬁiame@sahedsertdmw Itdwhg

met hod can be used. Rarg:@xanpige thenstack ehiained ascaboyeqisefirst
imrersed in a hydrofluoric acid bath, one object of which is to overetch

t he oxilde | a?@t‘c@ailzca"ﬁd dpFOUt NG Ao rOfTHE Edges dF =t hectassénbly, it%
elimnate th@iorcluiﬂ@rﬁ:or Eespopndipg, t opf hedmgicnt3b 42 randekeachst henreagion Z1.

The two |nterfaces %%~§9g 2 % U% 202 W .02/ 084721 .PCT/ FRO2/ 266 30
15/ 16 are pr &F&HERTY aII Réd. dovEF2CRET nt &F°f acd 12113
denount abl e sitbovr/are 0i0s advanimgeoustry af a blade, eic.) completely
frees the final structure 13+14+15+1¢ (see figure 22).
15 Following removal of the oxide 13, for example by
hydrofluoric acid etching, the final SOI structure 1is
obtained. The S5i wafer 11 that served as a substrate within
the demountable substrate can be recycled and reused, for
example to produce another demountable substrate
20 { preferably after eliminating the layer 12j.
Other means of eliminating a ring to obtain access
to the region 2, can at least partially eliminate the ring.
Wet or dry chemical etching techniques or other mechanical
pelishing, laser cutting, etc. techniques can be employed
25 for this, localized to the ring (see figures 32 and 40,
which correspond to the production of a mechanical or
chemical cut (cross-hatched area), before bonding the
second substrate).
Note that the 500 A thick buried oxide layer 15
30 formed previcusly on the laver 14 could have been formed on
the substrate 16 before bonding rather than on the layer
14. Another variant divides the 500 A thickness into two
portions, with one portion on the substrate 16, for example
250 A thick, and the other portion on the layer 14, also
35 250 A thick in this example.



oxi de/oxide interface. It therefore yields nore readily than the interface
15/ 16 between the oxide and the silicon. 5 Accordingly, during this3stgyg afs
lifting off the ring of higher mechanical strength, there is |ess surface
etching at the interface of the second bond than at the interface of the

deri cunt abl eusyBshid ?F When the acid reaches the [ ow ener g¢1/PRIDG 266t NE
central region, see figure 21), 10 nmechanjcal dompuntine ( by pressurized
water jet, as in the docunent EP 0925888, by conpressed air jet, as in the
docunent FR 2796491, by traction, as in the docunent WD 00/126000, by
insertion of a blade, etc.) conpletely frees the final structure 13+14+15+16

(see figure 22). 15 E®FEovliifyt r éfovalof tthe B bR Fihesxatpl &opged
hydrof | uori ciackdretebi age theH idralt O o st asict ui @i sypept aiaedl iThe iSh waf er

11 that serveg ag a subsE{ te thlg, %he denmount abl e substrate caa be

recycl ed and®telt8&d,SFGH g%ﬁﬁ%‘%tt 1BrodGEecanothér fehotnt abf 61 SubStitat e

20 ; preferabiy a&hﬁﬂlelamrmﬁyngahhe-mayeguiZhnthhertm@ans;mbfekemwnaning a

ring to obtahn to_t - can a% | eas artlallé ellnlqate t he
a

ine. e oS EERaR Earterchy A TEeRRr s Jbr toenbs aechBSEEARCpor Shi ng.
| aser cutti nghiet oethedhnitques: et ben enpl @ayedc28niorll hi seakogaldized 4.0 t he

ring (see f'QEE?%vég g{}:%f%(}fe t‘%ﬁl"h%é’rﬁ&ﬁ]r?@%@ {f 23 ne cp&ﬁﬁ'l“eg.fé OQtﬁI: asecond

mechani cal or emc cut (cross ore
substrate). Noeefthat thseb0tRaidadk band e’dh©xm@lpayélz 15rs80vf ohmads

previously opnt heliayer; 14. could Jfavgo@@eauwr med o0y tbe,subst rp%%e%@sbef ore
bondlnggrather than on the |ayer Anot'her variant divides the 5

t hi ckné8s |nFBetW@Sﬁ&NQﬁoﬁ%?cﬁﬁtﬁhéﬁeﬁﬁﬂt?%ﬁﬁ%nl?ﬁéeéu&ﬁr%&%QQG?“?o@

exanpl e 250rédtlbi:§l§n aﬂd tthﬁe ogn@Fa@@rt&pn te t Bethayerfidn als@eB851350 A
thick inthis e 35 A0 02/ 084721 PCT/ FRO2/ 01266, 3 Note that
if the two nbFé EJP Oﬁdﬁ@& Sﬁ ghe edge, an a strong increase

in particulate contamination of the wafers.
Another example of the use of the method according
15 to the invention relates to the producticn of double-gate
transistor structures. The first operations relating to the
fabrication of the <transistors essentially consist in
producing the first CMOS transistor gate (see figure 24) on
a demountable substrate using conventional technology (see
20 figure 23), as shown in figure 4, for example, in exactly
the same way as previcusly described for the production of
SCI structures with a thin buried oxide layer. The bonding
stabilization temperature can be reduced in a temperature
range of the order of 900/1 000°C. An oxide layer with a
25 thickness of the order of 1 um is then deposited onto this
substrate {see figure 25) using a conventional deposition
technique (for example CVD). The oxide is planarized using
a conventional chemical/mechanical polishing technique (see
figure 26}). This is followed by molecular adhesion bonding
30 to another silicon substrate 16 (see figure 27). The
bonding 1s preferentially stabilized at a temperature from
1 000 to 1 100°C if the structures formed for the first
gate can withstand this high a temperature, or at
temperatures of the order of 900/1 000°C otherwise. Finally

35 (see figure 28), demounting 1s carried out in exactly the



interfaces are both of the oxide/oxide type, stabilization of the second
bond at high tenperature can be carried out in such a way as to guarantee
that preferential 5 hydrofluoric acid etching occurs at the first il H8e.
In this nmethod, the creation of a nechanically weak region Z1 achieves

preferenti al W@@@%pg of the conplete stack at the firstppqiehdh19Ed ace.
[ d

and the region rstly yields an actiywe layer _4 of good quality an
secondly prevents 10 the onset of cracks that can cause | osses of yield and a
reduction in the su.irface of the active filmcaused by peeling of the film
at the edge, and thus a strong increase in particulate contam nation of the
waf ers. Anot heie eXaiplié ofr TheOUse of L Pher kethobfaccovidfy Phetdut heed

invention relates tettheproductdomiof doubl etgate Hdransl stofumtmdct HEES.
The first operations relating to the fabrication of the transistors
essential |y cbPSFsttPh ISrBdGEmE™ hBFFT73E CMOS PRAhsTet®F J&t ePFOLBESf i gure
243 on ahdeﬂlﬁélms%bﬂo&dsu@§ﬁe$a1(©nusﬂm aemverﬁdkﬁutajl atteechpabagy i(seeidQrkigure
23), as_.sho in figure 4, for exanple, in.exac t sanme way as

previ ously \c,i\g%)c'ri B f]é?m?hggﬁfo&%ctjf}aﬁ 6F 1980 E%%?ﬁcgér e5> witH 2 5hi RYbur i ed
oxi de | ayer.clbei behdi eigchsh@abi | Bgatuon tenperativiee dan bécheducedthn a

t enperat ure n of the order _of 900/1 0 oxli | aye Lth. a.

t hi ckness ofh§§reg]§%azé]t;l%f alg _mS;%slut%lﬂllé)rﬁ1 dggo%?ég% O)I’%'[tg%t]'ﬁLI%S E%%éﬁg §§(see
figure 25) usihg aceorvéntticonal ldeposi ¢t ohling eshnipguesftor adxdanpbecVvbie. The
oxide is pl Lzed in C iiQhal,chem cal [oechanical ; poli shi

t echni que (?ggﬂj%i gl}.}l’Hé 2%)(3@?? T%i%\g%:}tsell%I Ieovved by rrfol ecuﬁz%&ad%es%%%b%g%di ng
30 to afot hefusffreonTogbdtriatte A%V SexSF i glr EN237) el Bndr Ry i sther

preferential Fyastabilizednat qactenperat U o LRG0 A0y 1 JP0CET the
structures forned for the first sate can withstand this high a tenperature,

or at tenpet&PUFBs?of °Fhe16r ddi*Tof 1 906PES0G0C ot HeTTH S Fi RAFFYS 85S¢ Eee
figure 28), dempuaki Agniishcanr iedymicdan exact byet heodblerAde 2005 YWOrms

027 084721 PCTLFRRLOIZG0 S P35 BLEYLOUSlYe KLLser1or of; 2,01 age,

15 pclishing operation, for example., The remainder of the
double-gate transistor fabrication process will be obvicus
to the person skilled in the art.

The same method can be wused 1in many c¢ther
applications. If the first SOI structure (see figure 4} is

20 used tc¢ produce transistors, circuits, components, etc.,
these can be finally transferred ontc many types of
dedicated support. Fcr example, the substrate 16 can be
chosen for its electrical insulation properties (high-
resistivity silicon, quartz, sapphire, etc.) to provide an

25 ideal support for microwave and teleccmmunication circuits,
thereby limiting losses in the substrate. For applications
relating to flat screens, a transparent substrate is chosen
for the final support.

Ancther example of demounting is briefly described

30 here {(see figures 29 to 32) 1in the case of preoducing
circuits on thin substrates. The final thicknesses of
interest are typically less than a few hundred um, even of
the order of a few tens of pm They relate, for example, to
power applications or applications to smart cards and other

35 circuits for which some flexibility is required (plastics



water je-, conpressed air jet, etc.). 3efore resumng the transistor
fabrication process, in particular to produce the second gate (on the new
"su)--strate"” sown in figure 5 2B), the remai nder of the oxide IagqrA@§zm§
removed by chem cal etching. Because the oxide is etched with a
hydrof l uoric acid solution of known etching selectivity wth respect to

silicon, etcRigngr/edsops naturally once the oxide has been epbirflot/Abedred,
revealing a silicon 10 surface. The mjorzadvantage of this techni que over

other fracture techni ques, for exanple obtained by way of inplantation, is
that it does not necessitate excessively conplex finishing sequences that
are problematic in terns of their potenti al % create efe8 as for

r t'he

final 15 pol T&hi g bperHtHOm: S f or Bx&pl & "PFRE “Femarnde Vﬁ%h%?% gat e
transi stor fabricati on pracgss aﬁlBebeuﬂbynguaeceesﬁhetpekﬁonaskréheﬂern t he

art. The same_ mefhod can b d.in t her ati.gns, If_the first
sa structur%p(see ?|§Ure %f%g%raES usﬁgrgoqg}oducé“¥$hns%stBPS cF%%ﬂ?ts,

conponent s, @twouthese cantMQUﬁlnatiqn$f@msiegredfmmtolmp@y t ypes after
dedi cated Suﬁ #UClg rtﬁéa%HE%u;E? d%”%%&ﬁgﬁ%&éscé” encﬁﬁﬁﬁmig%r'ié

el ectrical ation properties -"resistivity silicon, quar
sapphire, etés juibipiovide anl 25 ﬁ@e%@ %%#ﬁnﬁ@pﬁ@ﬁth@@rbmhveoanﬁhln to

tel ecomuni cafi 08 £i & CUlt Snout hefehyqd i mitingrlosses t@du8€l§HbSE£§&§ssF0r
applications relating to flat screens a transp aren? substrate 1s chosen

for the finalt¥eppokty Aﬁeﬁh&ha&a%rpre%euaerﬁeunw g §<br FEFl V2 s CPT bed

30 here ( seendiguies @9 §0r3R)cémsthe case Dhe producings ghoguttsgoanthin
substr 6es he flngb{thlc nesses of r.es are t icajl%ﬁless than a few

hundr e fie> Braef 2 of ésfeﬁﬁpgﬁg fl e e~ for 8R4np_e,
to pomer apmflaakmansd@ecap&b@bapremsohelsnatm cpmmﬁueﬁmhﬂmﬁefiaﬁreireuits

for which some, flexibilidy. I8, Legybred {Planticg,d 1,AUG:2005 \ W Q021084721

PCT/ FR021012
silicon wafers, the standard substrate thickness is 725 pm

If the application reguires a final substrate thickness of

15 80 pm, for example, a silicon substrate 725 - 80 = 645 um

thick 1is chosen for the support substrate 1l. This 645 um

thick substrate 1s then melecular adhesion bonded, for

example, to a 725 pm thick wafer, forming areas of lower

mechanical strength. The 725 um thick wafer is then thinned

20 to the reguired thickness of 80 um, for example by planing

and chemical/mechanical polishing. The resulting assembly

therefore corresponds to the standards and offers

sufficient resistance to the processes for fabricating the

whole or part c¢f the components. After production of the

25 latter, one of the demounting technigques previocusly cited

may be used (see figure 31, hydrofluoric acid etching and

mechanical stresses), except that the substrate 1¢ can be

omitted. Its presence can be beneficial 1in some cases,

however., After demounting, the self-supporting layer 14

30 alone represents the final substrate of interest,

characterized by a substrate thickness of B0 upm, including

the components. The remainder of the substrate can be
recycled.

If required, the dies can be cut before demounting,

35 as is clear from figures 33 and 34: figure 33 shows notches



material supports, curved supports, etc.). One variant relates to a type of
de-nounting necessitating no transfer to a target substrate. Here3thgiagrect
is to achieve denounting without trans erring the |ayer 14 after 5 producing
the circuits or conponents C, when the layer 14 is sufficiently thick to be

sel f - suppor ty o7t PO thin to wthstand w thout damage apgifEpdtorzes
producti on process typlcally | ess t han éfeM/hundred pmthick, and ever. of

the order of a fewtens of pn). The method of producing the 1C denount abl e
substrate is identical in every respect to any of those described previously
to produce the figure 4 structure, for exanple. In the case of 20C rum

di aneter si PFEBIEhaf BF sCOFRENEMAAdaPd tEHFINPalt® HTKkNRROY sE25TBAPESI f t he

appl i cati on &&gbhif€Bnd Eb@@bn$U@$idaﬁQ%dﬂ"é cknessook 15 8C pmarfobupexarple, a
silicon substra e 725 - = 64

0 ck is chosen for the su
substrate 11°°TRCS 645 Eﬂ1C¥ﬁ1c?st5§iraf%gW%“Tﬁeﬁ“ﬁblﬁéﬁPa?da&ﬁés?gﬁoﬁonded,
for exanplepulblﬁg7a5fp@ft@rckyMﬁ@fiuofnfna@gdaéeaslﬂ@ | osvesanyimechani ca
strength. The 725 ppﬁ%thlc wafer is_the

to the re ed
Thi ckacts of 80 pm Pt ESARBIE By PBFARERG ald ‘Ehatt ol I HEtHa caf_ <he
pol i shi ng. Fhe:hnsh®@1ugla6§enbtyon$heh@toheveotmebpondsrnedthetsbandaeds and

of fers suf fighant £651 stance Lo & e, Prpcesses holn! ARE! cati ng.the. whpl e or

part of the conponents fter production of t
denount i ng tethninglessipd evilrslgali tteatimpntise used (@@@Ofrldgmnge 39, the

hydrof | uori c,acj de etghi Rgcande . ABGhAN cal. Sidesses), exceph I@at thecpe
substrate 16 can be omtted. Its presence can be benefi ci ? n sonme cases,

howevetO Af t @MeleRpRiRt F ngs UPREr 3BFT - SUPPHF EF ng°f ayer iﬁréécﬁlohéyﬁéprééents

t88e final lsuc%)éirhéﬁﬂuﬂfhbﬂiﬁ@eﬁh siohag 8ot efdzeithdy: @ stbst & at Bat hhekness of
pm i ncl udi

recycl ed. |fw?%g%T ggﬂggﬁﬁg%uéglhgﬁégﬁglgg%@?ggagggu%iln%£€g§5 5 FE cl ear
fron1figuresi§3ta@dc34.JhlgUMe 33sshavis quotehes BalnABG20050MD D24 084721
PCT/FROZlOl%?glar cell for use in space), then the rms rocughness must
15 advantageously be 0.4 nm fcr the substrate to be
demountable.

Another example of use concerns the production of
circuits for smart cards, where the flexibility of the
support becomes critical, firstly because of the increase

20 in the size of the circuits, and secondly because the trend
is to reguire cards with ever higher resistance to
deformation. A  monocrystalline silicon support whose
thickness 1is greater than around 50 um is too fragile in
this context, because its thickness 1is too high if it is

25 subjected to a bending force, as can happen regularly with
a smart card.

Figure 35 shows a starting assembly similar to that
cshown in figure 4, with a starting substrate 11' covered
with a layer 12' of silicon oxide that 1s molecular

30 adhesion bonded to a second layer 13' of silicen oxide, in
turn covered with a silicon layer 14'. The circuits are
produced within the silicon layer 14'. Then, for assembly
to the second support 16' (see figure 326), an adhesive is
preferably chosen that preduces a very thin layer 15,

35 whilst having the highest possible mechanical strength at



34 between the conponents, extending to just below the future denounting
region,. and figure 34 shows a pull-off support SA bonded to ore of the
fragnents and adapted to allow pulling off after hydrofluoric acifl!etUsillhg,
if any. The weakeni ng paranmeters have to he adapted to the technol ogical

operations t ve.to be carried out on the denountable ior to
denounti ng, ﬁgj?@ﬁ“?@ul ar thermal and c %n‘i cal treat mntsﬁgﬁﬁé@zﬂﬁgg ng to
the Nature of the nechanical stresses. For exanple, if the 10 denopuntabl e
substrate consists of a surface |ayer of germani um having an Si 02-Si C2

bonding "interface that has to wthstand an ep-taxial growh tenperature of
'-'C C (whikhw tsmpgpRcakein fde easerof gr owWing GasAAS st onebnstd t bieka

sol ar cell for use,dn spacspotdiens the rins foughness, st 13, adyaptagegusly
be 0.4 nmfor the substrate Ifo be denountabl e. -Ano¥her exanpl e of use

concerns t he“lprodBerHdR%0fs L& clilEsef Grsnaf Y2 ebrasy uiher &% hedhpexivBl ity
of the suppeitqdec®mes clidatd cat , bl estdoy ubecauseyof rbhgikRerease, 20nhi s the
size of the circuits, are,sec,ondly because t he %ggd is to require cards

with ever hithereT eSidfandé t'e Ut orTetFlontc AC Er sttt heS ePFFEBRE
support whoses' ttihgknesstisngpesder tdhamnaround 50 pmis too fragile in this

context, because itswthi ckness_is %100 hi gg if it is %g%sub' ected to a bending
force, as can happen t8yut arty Gt i° §9SHare Eardd Filbur & 35°4RduwsS8 8Far ti ng
assenbl y simfathto ddatuntstioln Enbbtgate 4,henie hthestrantding subsérateell’
covered W ti,a,{ayer 12, 1gIna ;lé%%.ga(}x' %.fgg t,1es mol ecyl a,, 30 %tﬂgégw

bonded to a ‘second |‘ayer i'con oxXi I'm turn covered
silicok) |ayerenigcallhe iftcuiftls argcaprssducedhwistiivien t handi | i eshstagers14'

Then, for assembly. 40 the speand, SUPREEL c46'dgSesr f ,QuRe .38)nq anaadhesive
is preferably chosen that produces a very thin |ayer 15, 35 whilst having
the hi ghest Po¥si Bt¥ medivarmiidal stiférgth af 31tABG 28bsmical  products

( hydrofluoric acid, sclvents, etc.). On the other hand, a
purely mechanical action may be sufficient to lift off the
15 structure at the weak interface 12'/13'" 1if the bonding
energy of the ring 1is lower than the strength of the
adhesive and the various layers constituting the integrated
circuits (this can be achieved relatively easily). It 1is
then possible to use the substrate of the demcuntable
20 substrate several times. Apart from limited chemical
etching of the ring, it is further possible to eliminate
the ring by making a circular cut in the structure after
adhesive bonding. The cutting can advantageously Dbe
effected by a laser at the boundary between the high
25 bonding energy region and the low bonding energy region. If
the ring is only a few mm wide, or even narrower, it is
then possible to reuse the substrate.
As a general 1zrule, the residue of the first
substrate is obtained, the support of the substrate
30 referred to until now as "demcuntable" (see figure 37}, and
is reusable, preferably after polishing the layer 12' and
the active layer 14' (figure 38), which is either
transferred onto the other support 16' or free and self-
supporting if the thickness of the layer 147 is
35 appropriate.



WO 02/ 084721 PCT/ FRO2/01266 35 -ow tenperature, for exanple < 900C, so as
not to risk danmaging the conponents of the active |ayer produced before

this bonding step. These can advant ageously be adhesives hardeneg hyshggt or
by exposure to UV radiation ( inthis 5 latter case, it is sufficient to
choose a fingl (ﬁmy jate =6" that is transparent to W). e Qgges to
cutting along the weakened region of thggdenountable substrate% here
bonding interface 12'/13'), it may appear difficult to produce purely 10
chemcal lift-off because adhesives and substrates transparent to UV ( in
practice nmade of quartz and glass) are not totally inert to the chem cal
products ( hydrof | dBHiikeadiiee Rotsrmtsd efxmres, d‘ﬂ“% hee ot e rS Waher 2 &e
purely mecham'cataactirenciry be subbici ent to-difdaoifethepdbrsteuctirg at
the weak interface 12' /13" if tgg bonjvjafg ener of the ring is |lower than
the strengt 6" tHE ISt V& and "t he” RISEHAYRrSt ot 1 i e t Her e
integrated axid sl élhirﬁllﬁiait[h_dﬂle @@M}e@eﬂnt@imdyﬁg @@B$‘ix§]a)te|16'l Sort hen
possi bl5frs to use;ctthe S bstrat }E e dem)un abI e ZCtsubstrat a1=1 times.
Apart ftom I3'H 5 chem Tal ?Eﬁ ny of)pfeﬁé Phg, G4 safurBf%er % ssibte to
elimnate theppimgy byenekbbdya icivculiarg celllmmatlneolst pctturee afberraadhesi ve
bondi ng. The gutt d S at-th

boundary bet V\6gen #rgeg ﬁ &gﬁf %éé%%gﬁyoﬁgglﬁégaﬁgy?ﬁ%ﬂlg o O(]f:’)ldl ng ener gy
region. |= tdmehmiqeis @Tﬁ\yl@wbw ndes o dlesdor bven h@m@@@\er t¢t ishethen

possi bl e to reuse.dhe substrates+As argeneral prul ectiher ;Eﬁ&‘dél“s%c?ﬂ‘ thgefirst
substrate is obtained, the support of the substrate 30 referred to until now

as " derfbunt bt e TeEE 5 gﬁPésﬁ?)ateachPri s°Fedddblde, Opr éf Erably aftsr poFi shing

the layer 12Zpangd ekhepastj verkayer dl' r{digurec38hn wheeh Hes #i¢hefcon
transferred o%o the other support -6' or free and self- supporting if the
t hi ckness of"&'he "l ayer 14' is 35 appropriate.

The use of adhesive films known to the person

skilled in the art can be envisaged Zfor the adhesive

15 bonding, 1in particular for the operations of cutting

silicon wafers and encapsulating integrated circuits or

packaging or back-ending ({"Blu-Tack®', Teflon® adhesive

film, etc.). If the adhesive film is double-sided, 1t may

be as well to stick an intermediate substrate to the rear

20 face of the film, to act as a substrate or support for
stiffening the assembly at cutting time.

The 1lift-off technigues that can be envisaged

include the application of traction and/or shear and/or

bending forces. It may be as well to combine the
25 application of force with chemical etching of the
interface, or other means, such as ultrasound. If the

interface to be lifted off is of the oxide type, etching of
the low energy interface makes i1t easier for the bonding
interface to vield and therefore facilitates the transfer

30 of the processed layer to the intermediate substrate. Under
these conditions, 1t 1is advantageous for the processed
layers to be protected {(for example by an additional
deposit of nitride in the case of hydrofluoric acid
etching).

35 Stresses can be applied directly to the thin film



3 1 AUG 2005 WD 02/084721 PCT/ FRO2/01266 36 Unlike the precedi ng exanpl es,
t he second substrate 16' can instead be nerely an internedi ate Sugﬁthﬁﬂ(ﬁ in
a nmuch |longer process that will continue either with the pure and's B
elimnation of the internediate substrate 16 or 5 another |ayer transfer

operation o R % further support, generally involving e i of the
rl‘f%[% gtyzc}em)unt abl Fb’r@‘ﬂg? }0? %(gs

substrate e substrate,obtained with the ai

techni cue previously described is bonded to the internediate substrate after
it has been "processed”. The 10 internedi ate substrate can be rigid or
flexible (see the above exanples). If it is rigid, it can even be a silicon
waf er. The use & BdhesPVEIPEIRBIRNDWASEB2ERe! PEPEHN 25skd 1N d T -t hetart can

be envi saged:f0r e gpdhesivels hondifg inpargdcul ard.or 4be oper agi ons of

cutting silicon wafers End encapsul ating integrated circuits or LPackagi ng

or back- endiiiF CBINE TackE oS 7éf Itorw (P9 HdHesT VESLFRFR + eBEFY 0T fU5he?

adhesi ve filmi{ts-cubteosi dede o By 26beoas weld/d0 sthek, and nieroedt at e

substrgte to the rear 20 face of.the film to aci)e%ls a su support
&

E L %{rati or
for stiffeni'hg tHe hssenb?y” at L Ea¥ti ngSti ESCFH f t-"of f- techn? gdBs "t hat
can be envi seged9d4icl udenther applliicatiicdon eéet EaRcISQn &8/ ciP shesy s and/ or

bending forces. |1 mey.be gs well .t o comine the. 25 applicalion, of force

wi th chem cal™ etchi ng of the iﬁ?erfaoe, F ot her maans,qsuch as ul trasound.
If the interfauela oabeléwfoedhpfifolsuofithacodi dé type,iretectfiaue ofs ¢he | ow
ener gy i nt erd ace. makes,d  (eASLAELBOL G hANAINg it erfageboovteld pad
therefore facilitates the transter 30 of the processed [ayer to th

i nt er medli at PBUBBITAt €L DRAERNAL RESE CORATPIDNYY | ¢ @rRivast&gésds fof the

processed |@yefs it beiprat ectes {§ort exampl epxbyqanqaddhtkbofake, depesit of

nitrite int féffgﬁgégsh%g&geL%S&H%laCEth?%%hlg%%' at the multilayer

structure bonding interface, where the lifting off must

take place, while protecting the wvarious layers of the

15 structure incorporating the components. Thus it is possible

to lift off the bhonding interface even when the adhesion

between the internal component layers 1s weak. In tThis
regard, see figures 39 and 40.

The 1intermediate substrate, which is sometimes

20 referred to as a "handle", can then be cut, totally or in

part (to form notches or cutting precursors), into elements

corresponding to the electronic components, and which can

be transferred to different supports. The transfer can be

collective, in which case all of the components, even 1if

25 they are interconnected only by a support, are transferred

at the same time in the same technclogical operation, or

component by component {or die by die), if the latter are

transferred one after the other. The supports can be of

plastics material, as in the case of a smart card, and in

30 this case an adhesive 1is advantagecusly used for the

transfer. The elements can also be transferred onto a wafer

incorperating other electronic or optoelectronic devices,

in which c¢ase the transfer can again use a molecular

adhesion technique (see figures 4 and 19 to 22, imagining

35 the additional presence c¢f components formed in the layer



35 Stresses can be applied directly to the thin film3 1 AUG 2005 WD

02/ 084721 PCT/ FR02/ 01266 or to the internedi ate substrate (known as a handl e)
. ~They - can be nechanical stresses ( in particular applied by ins tAdH%w%

bl ade at the bonding interface), and/or use a |lift-off tool (see ¢
00/ 26000), and/or a -,e-, or involve 5 inserting a gas flow, as described in

t he documentwdb,#8496¢91, and/or a liquid see EP 0925888, Ebcd%@&%ihes | N
the case of a gas "low (cr even a liquidsiklow, for exanple a flow of

hydrofluoric acid -'f the interface is of oxide), the denountable substrate
can advant ageously be 10 prepared beforehand ( for exanple by cherr_cal

etching) to {eed é ;|UId IocaII theépondl interface, %
facilitates ptefefdfitf F”ﬁfF?lﬁ&no r%ﬂf qﬁ& ?Ong??ﬁk?%? B6AEF ng
interface, mmeme Ehe bl&klﬁ@uﬂfﬁlﬂ@@tnmtﬁke pTheeeawdmdnisproaectﬂﬁg>tbe

vari ous Iay tructure, incor ating the co nts.. Thus
possi bl e f ?%f ? % end?ﬂa |nfef?é%%:%%egomh %p¥%e a ﬁgélgﬁerﬁepmeen
t he internalpn@pgnhea$,Iéyerexespheak inthis regard, see figures 39 and

40. Theﬁ'”ter”Ed'ateTﬁ@QStE?tggpngﬁg 5§r%9EEt&”%_ 3§{g§geg%§gl£$ 83,

"handl e can then be cut E Fr m not ¢ cutting
precursors), €¥®WﬁleleﬁEHQsa»ebhﬁe§ponﬂhﬁgt eﬂtHQY€ﬂect?@@V%O@%hboheﬁﬂ§d and

which can bestyansfenredst Qk%fe&@ﬂtbéU@Qﬁé&ﬁteJh@eEéﬁgﬁieB calehent,
col l ective, in which case a ? t he conponents, even if 25 t% are

i nt er connect®d hPy2byva §H%@0%FS BpRAt £ AREf BPF Y O%tm?%ﬁa§hﬁeltfﬁécﬁﬁ t he

same technol ogi cal operahbopaten wGempanedrdieLonponeqtireor 1di eay die), if
the | a ié are ransferred one after the other. The sqf orts car .be of

pl asti nat%??aFegégnFn §hd"cade BFYa"ShafFiddid® ahd 1" 36° THF s5thdean

adhesi ve i s advant ageaushyausedgion uhesukmammﬁe@.1imeamleaeet5rda@ al,so be

transferre?nga%o l@@&gr?ﬁegfgépo$9£uggu9theraglBctr nlc op&geg§%¥g nic

devi ces rans can agal n use a m) U ar adnesl
t echni que (see fiygares AnaﬁdgygetéBZZannhﬁynﬂ@kﬁced by arrays of other

shapes {(rows, columns, c¢oncentric circles, etc.) whose
15 pitch and other geometrical dimensions can vary as a
function of the application and the demounting technigue
employed. The benefit of adopting an array may prove to be
preferable 1f the structure to be produced imposes high
mechanical stresses that are transmitted tc the connecting
20 interface (in this case shcort-range repetition of areas of
good mechanical strength is preferable), or if the layer 14
may feature holes, whether intentional or otherwise,
locally uncovering the connecting region, which may in turn
be subject to untimely delamination whose epicenter 1s the
25 hole, or to simplify the method (for example for cutting
into individual dies) in the case of producing dies. In
principle, dimensicns of the order of 1 um are preferred
for structures having to withstand high stresses (for

example hetero-epitaxy or any other depocsition or

30 technolcgical step applying significant tension or
compression to the structure), or in the case of small
circuits, or of circuits produced with submicron

photolithographic resolution. In the contrary situation,
scales of the order of 1 mm or even 1 cm are preferable,

35 Many combinations of more than two regions can of course be



35 the additional presence of conponents formed in the laver 3 1 AUG 2005 5
WD 02/084721 PCT/ FRO2/ 01266 38 The el enents can be transferred by

conventional means 14). such as pick and place neans. The el ementds! ddh 208 so
be transferred onto anccher support to inprove the thermal properties, for

exanpl e. Thegﬁ?E%PQHQ{ying stress or localized heating (forgcﬁﬁaﬂﬁgﬁzgging a
ort,

| aser), the t ayer, nrevicusly bondeqSI toits final sup

dermounted ; el enent by el enent, or globally) fromits handl e by nmeans of
mechani cal forces. As indicated with reference to figures 17 and 18, 10 the
regions Z1 and Z2 may net define a systemconprising a central circular
regi on Z- suervupdedcbyZan dut eF3 rigig-Z2- BRthan i thele of dothertst nustgres can

be envisaged,r The akrayr obqsquares i pafi gure, 18 ean be epl aced, by arrays of
ot her shapes (rows, columms, concentric circles, etc.) whose 15 pitch and
ot her geonet¢Pehl ndiRensifonsT BdACVaEr y WS T@CHUREtSDn 6F t e apphiéaticss and

the denountiagrigehphque terpleyetnitie henefidrrofcadopti agvanagehay rFaRy
prove to be preferable if thﬁﬁstructure to be produced inposes h

ni g
mechani cal sEF@¥BLS: t Ht® afE ' EaRSHATt t U ¢t he ey 26TFRfEPFEeE (_n
this case shorémrangezkepeti tvomeof iar ease ofyicgeod yimrechanireal cggeengt hai s
preferable), or.if the feature holes, wh intenti%nal or

t

| ayer 14 ma et.he
otherwise. . TORAPPY UALBSar b PhE RbRACCE Pnber 8BV SRAZIaHI o fay SFASEAPR  be
subj ect to unannel ypdébanligt i orbenhose:iepincerttrarcadls t heb@5bt hol en or attds

simplify the QP%QR%iéuIQL examl g féia&&tEk“chéntQn%ﬂﬂkﬁkguabrgh%%kib% t he
case of prodSC| g dies. In principle, di mensions of e order 0 i'mare
preferted fprosegaesuvesliaviongntie wivtdsstogdnd yighr stte ess@ést¢or uexadpl e

het ero- epi t axy, QL ADYg0Lher depesi tionor: 30 tigghnal ogl cal,, st epappliyng
significant tension or conpression to the structure) or 1n the case of snal
, with reference to figures 1 to 8, ‘provided that the
geometrical shapes employed are suitable (mask shapes for
formation of protection layers for selective roughness,
15 mask shapes for selective deposition, shape of polishing
tissues for preferentially polishing eccentric rings,
etc. ).
The above gecmetrical shapes are compatible with
the transfer of a layer 14 as a whole from the demountable
20 original substrate 11+12+13+14 to the target substrate 16.
As opposed to embodiments of the method according
to the invention that tend to encecurage demounting of the
layer from its substrate at the global level, i.e. on the
scale of the whole of the substrate, others tend to delimit
25 fragments, the shape of which 1is clearly related to the
dies or components to be produced from the active layer.
Figure 41 shows one example of this, with enlargement of
the region that subsequently accommodates the die (or any
other component). This structure can be repeated as many
30 times as there are components to be demounted on the
original substrate. Ideally, each region Z; surrounds or
simply extends along the contcocur of each fragment of the
region Z;. The surface area of the component {or die, etc.)
can correspond exactly to the region Z;, or bhe greater than

35 or less than the latter, in configurations where one of the



circuits, or of circuits produced with subm cron photolithographic
resolution. in the contrary situation, scales of the order of 1 n or even
1 cmare preferable. 35 Many conbi nations of nore than two regi ongkaﬁ%@%
course be 3 1 AUG 2005 WD 02/ 084721 PCT/ FR02/01266 39 envisaged ( Z1; Z,, Z

, etc. ) . Raiderodshan a di screte nunber of types of regi opeTafrRM@AFIREE Ul Ar
mechani cal strength, a continuum of regizons characteri zed by a conti nuous

vari ation of the nechanical strength can he envisaged. For 5 exanple, the
mechani cal strength decreasing continuously froma maxi mnumvalue in the
vicinity of the edge tf h m_ni rrumﬁ;@l ue at f’tshcent er_cap he envi saged. The
variation Ccan optiond I? e CRUFSVREt ANCal®abollt BRC AT s peP peHbFetfar to
t he pl ane oftihde substrat 8hePr cductivomat@opr oceksesdyi elaiargid hisnt ypeeof
substrate an LI use._in upti re.in all respec ibmlar to_those
descri bed V\n(g?rh&r?}ééle}ril nE%cPBQ%Lr%ugés%% fhos%é,’ p‘?%%%eagﬁhtgt% f‘thhee Sgae%érre??i cal
shapes enpl oyedsar epseiviabd by (| daskrshapestéor déwonmation of psobettida

| ayers £or selective, ghpess,15;mask. s es. f ctiye depositpon,
shape o§ pol i sﬁllcn% _tllﬂs)}gues .orn%rgfer eﬂt?ﬁﬁﬁ)l ya_po elrgﬁaﬁg e&é%ent r ilb_ rlbﬁés,
etc.:. The abovergeohedri calr shipes Cale 6opat ithl e WPt RY t hechransienrzof a

layer 14 as @ mbohentremthgsdeapuntabke 200G, nalssubst i@ £nd1+d2+18+14 to
the target substrate 16._ As osed to enbodi nents of the nethod according

to the invent? ont hat @%%H”%%O‘gg%%%}?%@e Hendbtdt i ngPbFleheY #AYEPIfHORAFIts
substrate atfihgnghobal ckevelnother emnthecisgalerofzriche smiede=@fothehe
el at el o (HeS G ob oP EaNpGRERLSS 6 BE ArOduLEd T o FoR abloPeRrraytr
Fi gure 41 showsranecexamplerofutdi sdenkt haénltargerers ofid/bhe reegremothat
SuDseauent ¥, AECOINGRCES | Nl s, (90, SULoclLIRG SMmOREnLlcq T s 5Lrveture
t he figure 41 shows in the case of one particular example, the
vertical dashed lines indicate the contour of the required
15 fragments. For example, after preparing molecular adhesion
bonding over a large area, only layers 3 and 4 are cut to
the contour shown, after which each fragment is lifted off
the substrate, which amounts to considering that the
substrate is lifted off each fragment {(as an alternative,
20 all the lavyers or all of the fragments can be cut at one
and the same time). To the extent that, after cutting, the
high mechanical strength regicn is at the periphery, the
risk of delamination during treatment steps, fcr example to
produce electronic, optical or other components on the
25 layer 3 or 4, 1is reduced, whereas, when lifting off is
required, 1t propagates without difficulty, in a controlled
manner, in the central regiocn (it may have been initiated
at the periphery).
Combining the distribution of the regions Z; and Z;
30 with the aim of forming an cuter ring at the level of the
substrate, as shown in figure 4, with a distribution
intended to protect each of the dies, as shown in figure
13, is cone beneficial combination.
Of course, the embodiments previously described are

35 not limited to the single case of monocrystalline silicon,



original su,ubstrate. ldeally, each region Z2 surrounds or sinply extends

al ong the contour of each fragnent of the region Z1. The surface area of the
conponent (or die, etc.) can correspond exactly to the region ZI, r Mye 2005
greater than 35 or less than the latter, in configurations where one of the 3
1 AUG 2005 WD 02/084721 PCTI FR0O2/ 01266 40 surfaces of the conmponent and of
the regi on Avceomasapasses the ether. The configuration adoptedrrRizmanes on
the denoun _inc technique to be used, waich can be the same as chose
previously described for demobunting a substrate 5 having only a ring Z2
around a central disk Z1. One interesting variant consists in using

convent i onal .. conngnent. cuttiog hechni ques, ( sauing, J aser gutting, gre.) to
cut or delimt trenches, a eas- Saar-ially around di'es, ragnen?s, etc.
Anot her benefémi@invaeiant st daseld on Gehe £0Cese 6fCechefirtlal agtichvhiger
associ ated wi b & phot oljithagraphy,s@per atipon £ o. prodyce i dentical. trenches
and/or to renbve the correcting region corfesponding to the region Z2. As
figure 41 shewe”¢alehler tasaadferomed Spar bl 8ofar exdaple, the Verefeapedashed

l'ines indi catgestbe; CORLoHE; 9f st heneeduir ed rle nbragmets. o Rox, exanpley caf ter
prepari ng nol ecul ar adhesi on bondlng over a large area, only layers 3 and 4

are cut to {HEEOMBUrCESHOWR, after which each fragnent is lifted off the
substrate, which anmoat sz1.60:£OnSi deit Nghddjat tde sSpbstsateatsohi féed of f

each fragnen as an alternative, 20 all the layers or all of the fra nts
can b oot et PN | RUIE R 2O ALt IR LT Cenia T 1 bEVeh PR the

hi gh mechani gat mstfenghavi egi an BsOatside perdipherinrdifeacd iskaofhas to

el a1 o JULLIgLCERt o o5t sy Q1 AL, L oorBpduEs Sl igne |

lifting off (i&s trequivpedalitnprépagases obi tdryouindi ffdlcudt ytoi ncastonhutrel | ed

Il S i Lk
advantageously be 0.4 nm for the substrate to be
demountable.

15 Another example 1s that of epitaxially growing an
epitaxizl stack on a demountable substrate. This applies in
particular to the production of blue and white LEDs and
thin layer laser diodes (for example, for improved
extraction of the light emitted or improved evacuation of

20 heat, thanks to transfer onto a substrate that is a good
conductor of heat, such as copper or diamond). In this
case, the epitaxial stack concerned is based on composite
semiconductors derived from GaN (AlN, GaAlN, GaBlInN,
etc.). One methed consists of using one of the processes

25 previously described to form a demcuntable structure
equivalent to that of figure 4 (or figure 26 or figure 35)
in which the layer 14 1is of SiCg¢H ( the transferred Si face
is at the top in the figures), the layers 12 and 13 are of
silicon oxides, as 1in the figure 4 example, and the

30 substrate 11 1is of polycrystalline SiC (or sapphire). The
stack 15" based on nitrides (figqure 43) is grown
epitaxially on this structure (figure 42). The epitaxial
techniques used can be those well known to the person
skilled in the art such as molecular beam epitaxy (MBE) for

35 one category, and metallo-organic chemical vapor deposition



30 with the aimof formng an outer ring at the |level of the substrate, as
shown in figure 4, with a distribution intended to protect each of the dies,
as shown in figure 13, is one beneficial conmbination. O course, 3t1hﬁu52[]0%
enbodi ments previously described are 35 not |imted to the single case o
nonocr yst al |ywpep2gisirrion, 3 1 ADF, 2o0a5 WD 02/ 084721 PCT/ FRORC®ARGG/013d¢ and
can be extended to many materials, such as other sem conductor naterials
(Ge, SiGe, S C, GaN and other equivalent nitrides, AsG, InP, etc.),
ferroelectric and piezoelectric materials (LihbO3, LiTa®3) , and "processed”
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consi sti ng ofpidasurdlacerdayer teficeget naas umbavivng xarcsi G2-0SIQ2 bioxck: ag
interface t to -1 j epi L h e of
550C as i sr}ta%/epi lC:)anl &%ﬁ%%%%%ésg%o%ﬁon%%&%n@%?%%é%¥ u%%gpcgfg% %.I‘ cel |
for use in spaex) °oft hd O rfoughnréds Cshodlled advant ageotukey decve 4twerL for

the substrat& i9,b8,c denpyot é‘%@cel%fA”c%eh%afﬁ‘@”Bkesie%sthfbaft Héc}?&ﬁé‘é(i all'y

growing an epitaxial stack on a denmountable substrate. This applies In
particul ar t9-%tHE P 0dGELPEA of i bl tre aRHCWhitELEDS b1t 90 ayér TaSer

di odes (for axaimpl ecder ippeoved @ raetlensel tpeelightem 4 edr Okeq

-nproved evacuatjon of 20 heat, thanks to transfer onto a substrate that is a

good condug?%sre fORe&PLISGERNEs Loppdi bFOdiCEmOTd)L3Y5r T hr 6 288sé,” t Hé

epi taxi al stragk coneerined dsi basedamgcoiaposthesesem conduskomnpl deriyed from

&GN ( net.hod copsi sts..of us.irggg gnc of the
9

N, GaAgN &All n etc. . .On :
processes 253Ibc%tev?rou%‘?§/l%gEcFPBSaS%E £0r et BeRouft abl'E SEPFctr ti'val ent
to that of fllguredoq orf fitdger esBsorategureuBsquent whebVbhecpayeridll is of
S OFH (1 _he dsansfented; Siohage pddyfled NechoPL AT TR MQULRS) - St hechayers 12

whose thickness 1s of the order of 1 pum The structure 1is
opticnally annealed before the epitaxial growth stage,
15 typically in the temperature range from 900 to 1 200°C, in
order tc¢ consolidate strongly the mechanical strength of
the ring. After the growth step, the assembly is subjected
to depcsition of oxide, planarization by CMP, molecular

adhesion bonding (for example onto a silicon substrate),

20 and annealing at 1 100°C to strength this latter bonding.
The layer 16 1s produced (figure 44). ¥Finally, there 1is
demounting at the bonding interface (figure 45}. A few

hours in a 50% hydrofluoric acid bath are sufficient to
etch the oxide layer laterally tc a depth of a few mm where
25 this interface corresponds to the region Zy, thereby
uncovering the region Z;. This is followed by demounting by
means of mechanical forces, for example by inserting a
blade, applying a pressurized water Jjet, or applying a
compressed air jet, using the techniqgues previously
30 described, for example. A final deoxidaticn step removes
the residue of the oxide layer 13 (figure 46). At least the
SiC layer 14 that served as a nucleation layer for the
epitaxial stack can optionally be eliminated by etching
{figure 41). Diocdes can be produced before or after the

35 final transfer.



silicon oxides, as in the figure 4 exanple, and the 30 substrate 11 is of
polycrystalline .~ C_ (or sapphire). The stack 15" based on nitrigeaspgdigure
43) is grown epitaxially on this structure (figure 42). The epitaxial

t echni ques used can be those well known to the person skilled in the art
such as nol epud gdodaesyn epi taxy (MB) for 35 one category, angciati@d2l@26 ganic
chem cal vapor deposition 3 1 AU6 2005 WP302/ 084721 PCTI FR02/ 01266 42
(MOCVD) for another category. In the forner case, the epitaxial growh
tenperatures rarely exceed 600C, whereas the typical tenperatures for the
second category are of_th 0 der_gf 1 050 to 1 100C.. For_each of .the_above
two techniques, theschs P EAE S S Lo M AGREP I Yl ha pea *

regi ons Z1, xdXcrebobblestobepbaptebezsed. In the second case,
processes previously.describe ba n_r heni ng of the oxi de | ayers
12 and 13 by hydrof1ﬁ%r%gkgﬁgﬁc%t%%?ngpsgggoggﬁF%FgFeef%ﬁ%f@ha%nﬁs160

anot her variamtmcdhsi stacthvé’or tiangra aRan nsitdedr i hgkér dine t heredge of t he
substrat e. e woqg% i taxi r-OW - 100G, pr hi s
structu?e, gHgfggﬁ r‘]]\%/ﬁose tﬁ%@kngégﬁ%g g) t E?%ﬁ%éﬁﬁggg% nﬁg¥ﬁ§§§F§3€%Ure is
optional |y amhesiledebeter e fite epabakial THiowdr Stefge, €48 oppi g d yWiLaht he

tenperature gangesd oo 990-t9r 1aRQ0G hih nPFdero19 consolidate strongly the
mechani cal strength of the ring. After the growth step, the assenbly is

subjected to deposition BLL6KFEBCSpl BFAFEEEL i diF DY EVP, "Hol ectL&f ©T58kesi on
bondi ng ( f oneekanpt £l onitd shc@ild cop sabisdinade) by70d ante aanealligiglat $£100C
to str 8gth thig Iattgr_bonﬂ'ng. The ha%er 16 i s _produced (figure:§4).

Final |y thefe® s dénodnt i beafﬁ¥ﬁ% B8REFhg 95t &FF ace? (FTJure 48) .7'A flew
hours in a 508nhhydt oféadonciacrdghathdare seffiucrenhded betehpehépbxirdé | ayer
laterally to th-0 r. 5 i.s J.nt erf.ace, cor t he
region Z2, tﬂ%?gﬁg Bﬁnéégéﬁgﬁbqgﬁﬁﬁfégfén%£¥§ﬁ¢#§ i%?%%ﬁl%%£§§gggggn%§nting
by neans of waekhanitdel £oreesurforlescanplte Wye i weeitdhggya than at the

center, for example, by introducing at the periphery
15 smaller amounts of the substances for weakening the region
(for example by hydrcgen implantation); this can be

obtained by masking a portion of the layer during a portion
of the implantation operation, for example, or by modifying
the sweep during implantation; it can also be achieved by
20 carrying out successive implantations, under different
conditions, in the wvarious regions whose properties are to
be different. Regions can alsc be weakened differently by
applying different heat treatments to them to obtain

different levels of weakening.

25 With regard to the distribution of the regions 7,
and Z. (a single ring, fragments, array of regions,
multitude of regions, etc.), the techniques for demounting

these structures ( by means of mechanical stresses, chemical
treatments, heat treatments, selective removal of rings and

30 regions Z,;, etc.) and how they are put into practice, the
elements and examples given in section 1 relating to an
interface or intermediate layer produced by molecular
adhesion remain valid.

3 - Interface formed of a porous layer

35 The person skilled in the art knows, in particular



bl ade, applying a pressurized water jet, or applying a conpressed air jet,
usi ng the techni ques previously 30 described, for exanple. A final

deoxi dation step renoves the residue of the oxide |ayer 13 (flguré14éyﬁnm&

| east the SiC layer 14 that served as a nucleation |ayer for the epitaxial
stack can opyip e elimnated by etching (figure 41). pPradi€sn; be
produced beforeﬁ%éd‘tz%ft)er the 35 final tpansfer. 3 1 AUG 2005 WO 02(}:1% 4721
PCTI FR02/ 01266 43 2 - Wak buried | ayer incorporating mcrocavities,

m cr obubbl es or platelets The interface between the substrate and what is to
formthe "active" |ay [ termof a 5 buried weak |ayer,

gr can |n§te§g tgkgA%he
f ormed of n1%?%%a9??| SCUMENEr SRubBldsd®Per pafelfet LI GT Bkdpl €20 TREs
process can &ier asesd wirt-bm nemy semieandycimrt éands 1of hen rmaericallsr:Thei,
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at the periphery than center for’ exa educing at
peri phery 15r$m&dm@¢ramﬁuhhssoﬁe$©El§Ub@mah©é@r$otomeaken©ng the region for

exarpl e by hydrogen j1pl aot ati Q) o his, capybes nobtaned by, fmsking g,

portion of the layer during portion e 1 npl antation operation,

exanpl e, or Dlenpdriyshy ltnheh%@\re%fplmmqqgai:ﬁréi antlg i 8arsPh can lalesbd be

achi eved by @@ecéhﬁylﬁ%oQ%t ﬁHQCe§§|W%nhﬂpkﬁ%tabb98§lt9nd§f qH&ie@gntb
conditions, in the vario.is regions whose ropertles are to be dlfferent

Regi ons’ can %@%bf%b“%eéﬁ%néanﬂﬁpFé?EhPPyOSy N0 pIXA T ‘i FH T et hedt PY
treatnments t@et%Eﬂ@t@h@béarﬂendjff@fe@iahpyejSreﬁum@ageﬂhaghyaﬁoywuhrnegard

to the distribution of the.reqions Zl and ZZ a si Ie ri fragnents,
array of regt hé e AR SLAGLEL! NG:e TLAYTENLS

from 2.1 g/cm’

to 0.6 g/cnr.
Thus by protecting the outer ring of the Si wafer
15 with a thick deposit {(of nitride, oxide or pelycrystalline
silicon, for example), it 1s possible to make a central
region of the silicon layer porous while keeping the
periphery intact. It then suffices to eliminate the layer
deposited at the periphery and to electrolyze the entire
20 wafer. The consequence of these two electrolysis operations
is to produce a higher porosity at the center of the wafer
than at the periphery.
A monocrystalline layer of Si i1s then produced on
this porous layer by epitaxial growth (see figure 48, which
25 represents an assembly comprising a substrate 21, the
porous laver 22, having controlled differences in porosity
between the regions 2Z;' and Zy', and a thin layer 23).
Smoothing annealing o¢f the hydrogen annealing type 1is
advantageously employed before the epitaxial growth step to
30 stop up the surface of the pores at least in part.
There can be crystal lattice continuity between the
various layers if they have the same constituent.
The thickness of this monocrystalline layer, which
thus becomes the active layer, depends on the intended

35 applications.



mul titude of regions, etc.), the techniques for denpunting these structures
(- by means of nechanical stresses, chemcal treatnents, heat treagq’emﬁsn

sel ective renoval of rings and 30 regions Z2, etc. and how they ar Hg’to
practice, the elenents and exanples given in sect-on 1 relating to an

i nterface oryigggigiesi ate [ ayer produced by nol ecul ar adheﬁ't:%ﬁ(ﬁm%& val i d.
3 - Interface forned of a porous layer 3%:The person skilled in the art
knows, in particular 3 1 AUG 2005 WO 02/084721 PCTI FR02/ 01266 44 fromthe
docunent EP 0843346A2, that a porous |ayer can be obtained fromthe
followng materials in particular: Si, GAs, In-, GAsP, GaMAs, |nAs,

A Gash, ZnS, 2dTe amfZiTELNg | Rnphber yEHANSSS, Pl vt sEAIFLiYFe F Y@for phous
forms. 5 Thusfidrige@ohyrbygway eknexamphe thaleitthe ugwivadnderiofet hi st
description refers to sjlicon. It. is possible to oBtain orous silicon by

el ectrol ysi st nlﬁyd?%%?Jﬁby?gyacqr&céheoﬁerjs%nC§I£’i | Ped 50 54 kfowd how
to vary the tporosi t yswbsthetSi (bfoAd0 endndyd ngbt hemedacent r at s@heof othe
hydrofIEl)Jori cesaceicdi ry byifv%r ei ng, tehre gurrent. F r,exa Le, reducicn tge
hydr of I Tiori ¢ &¢T o cohcaht rati om ¥ ont 50% £6- 200 hantest HE Ypor 3§11ty < f r om
2.1 g/cnB tolfGq/ caBf Thuss bysprotegteng diyhe owtercal ngmehnshe S8i wajer 15
wth a thi Pkiﬁi@lpé’éﬁéir(@fanﬁﬁigelo@ﬁ Pﬁt&%%&r%ﬂfﬁé'ﬁ esilicon, for
exanple), it is possibfe to nake a central region of the _%I i con | ayer
porous while keeni ngitt heltpsneph&ey dimt het ranceaehhguffbaded a4y epprvpate the

layer deposited at theiperiphery-and #0,ehgctral yze thgentise 20 wafer. The
consng:Jence of these two electrol ysl[s 2operat |Oons is to profducwe .a higher
porosity at tWeS'cehter df 'thé wal¥F: tdfan afCffRe pe¥ipher et AWdRcry5€al | ine
| ayer of Si psréhen praduceshraitrfdiisl pPatousalayepsby, epitt axial geowhbs(see
figure 48, which 25 fepregents an assembly,comprjging a subgtrate 21, the
mechanical or laser cutting or by chemical processing using
HEF/HNOs or TMAH).
15 With regard to the distribution of the regions 2,
and Z, (a single ring, fragments, array of regions,
multitude of regiocons, etc.), the techniques for demounting
these structures ( by mechanical stresses, chemical
treatments, heat treatments, selective removal of rings and
20 regions Z;, etc.) and how they are put into practice, the
elements and examples given 1in section 1 relating to an
interface or intermediate layer produced by molecular
adhesion remain valid.
Note that:
25 - the interface can be a simple contact surface or
a connecting layver,
- the fragments can be distributed in an array of
sguares, lines, concentric circles, etc.,
- the gecmetrical definition of the fragments 1is
30 preferably related to the location and the size of the dies
(to the nearest region 7; or the nearest sawing line,
etc., ),
- the surface preparation step before bonding can
include roughening of the oxide layer,

35 ~ the preparation before bonding can affect the



porous |ayer 22, having controlled differences in porosity between the
regions Z1' and Z2', and a thin layer 23). Snpothing annealing of_the

hydr ogen annealing type is advantageously enpl oyed before the epiiénﬂ&ﬂ%5
growh step to 3C stop up the surface of the pores at least in part. There

can be cryst@lobdhsdee continuity between the various |ayepgyErihechave
t he same constituent. The thickness of thigs nonocrystalline |ayer, which

t hus becones the active |aver, depends on the intended 35 applications. 3 1
AUG 2005 WD 02/084721 PCTI FRO2/ 01266 4 Depending on the thickness of the

active layer, after denmpunting [t can becone a self-supporting layer (if it
is reIativeI§OPﬂLER§SogUFta an EbetE%HE?EP?EECtBIBPeFB?ggt substrate (for
exanpl e by ricl ecul ar adhesten), abgespeeratbyghficthecfayae Esrthi regibe
active _ayer _can ,be |ifted off its substrate by chem cal neans or _by

i ntroduci ng & FE?HQIBEaﬁﬁftiﬁFotFﬁésﬁgFgﬁgiﬁ%i%ﬁﬁ’A&P%ﬁt%?%é??%ecﬁg €5
render the pevupghenygdpozods tlonl youghaedisst ahcecniy a flew mmcderas reafiogur e
49, with a 10 gﬁgétrate 21' a layer 22', sone regions of which are porous,
and a nnnocrys?a rhe layer 23'). It then becomes appropriate to elininate
this ring by cutting - (thy dekhramntes &etivgser éuttilng ©¥n by eshdd calrom
processing uging HELENOR.qr TMAH) .. 15 MELh;tegar dyboetheadi st ihutien of

the regions Z1 and Zz (a single rlna, fragnents, array of regions,
nul titude of 2tE§roAsivede: ), loaalt e@fini GiRs™br deifiuntithg Cahes® stiEGEt ur es

(by nechani caktstresses, ehemgql opeeatmBat s, heatr treatAeNt sionseligetinve
renoval of rings and 20 regions Zz, etc. ) and how they are put into
practi ¢8, thed @FEﬁen%§aﬁﬁgge£ﬁn§P@§Sgi9éﬁ'in sect'on 1 relating to an
interface or internedi ahenl ayer iprediced by mlectdiad 1adbesiwenkeesdi mwalic.
Note that: implanting a gaseous element, the latter preferably remains
gaseous,

- to obtain lift-off, portions of material

15 corresponding to the region Z, can advantageously be
eliminated by chemical etching and/or by mechanical removal
of material (machining),

- the lift-off step can be effected by etching in a
vacuum and/or application of stresses; a jet of water, air

20 or pressurized fluid can be used,

- the ©preceding description has emphasized a
silicon layer, but Sic, GaN, GaAs, InP, SiGe and
semiconductors derived therefrom are also relevant,

- there can be a step of epitaxial growth on the

25 layer before demounting; likewise components can be
produced completely or in part before demounting,

- there can Dbe regions Z3 and even Z4, having
levels of mechanical strength different from those of the
regions Z; and Zj,

30 - there can be a continuous evolution of the
mechanical strength between extreme values, rather than in
plateaux linked by discrete steps,

- the difference in mechanical strength between the
regions can result from a difference of composition

35 {interface formed of a layer with one region of one



25 the interface can be a sinple contact surface or a connecting Layer, -
the fragnents can be distributed in an array of squares, |ines, CSQCEM$f¢F
circles, etc., - the geonetrical definition of the fragments is 30 ore g ab
v related to the location and the size of the dies to the nearest region Z2

or the nearegyo §puk4¥1!1ine, etc.), 35 - the surface prepar gdEprsi/enRcbef ore

bondi ng can include roughening of the oxide _ayer, - the preparation before
bondi ng can affect the 3 1 AUG 2005 WD 02/ 084721 PCT/ FR02/ 01266 46 roughness
but al so the hydrcphilic properties, - to obtain a greater roughness of the

first region elative to that t he second region, both regions can _be
r oughened an@a%ﬁﬁl?%uﬁﬁﬁ%§§ﬁ%fOghﬁ§tﬁ%?%%%dﬁé g@ﬁf@ﬁr 3G ced, °TtRE
di f f erence betweehaZe, fZ22rean irespdtt f bpmt hireata tteeatlment ahters ukscalkitzed

mol ecul ar - bopdi pg;, 1@&%??%9 ygl! %éaggg%@' Lzed,t %E@Efgﬂgggsz‘g can be used

after the bendi ng ope ion | ase nonuni form ce, heating by
Lanps, etc. - when the interface is a buried | ayer weakened by nplanttng a
gaseous elenment, the latter preferably remains gaseous, - to obtain

lift-off, portiors of material 15 corresponding no the region Z2 can
advant ageously be elimnated by chem cal etching and/or by nechani cal

renmoval of material (machining), - the |lift-off step can be effected by
etching in a vacuum and/or application of stresses; a jet of water, air 20
or pressurized fluid can be used, - the preceding description has enphasized

a silicon layer, but SiC, GaN, GaAs, TnP, Si Ge and



sem conductors derived therefromare also relevant, - there can be a ste
epitaxial growth on the 25 |ayer before demounting; |ikew se conpoddnfb Hn
be produced conpletely or in parr before denounting,

- there can be regions

Z3, and even Z0 having |levels of nechanical strength different fromthose of
the regions Zr and Z2, 30 - there can be a continuous evolution of the

mechani cal strength between extrene valuéd, rather than in plateaux |inked

by discrete
regi ons can

steps, - the difference in nechanical strength between the

result froma difference of conposition 35 (interface forned of
a layer with one region of one 3 1 AUGdﬂXﬁMQM)02/084721 PCT/ FR02101266 47

mat eri al and the other regi on, of anot hér materi al |nterEace formed in

part by the materiallof &hBeEhBE: P t@re@ﬁrﬁﬁg“ﬁhy%wl%n aYﬁrpéFF
transferred $eyer bf pAods 2H0Q 4fet(3,anal‘}ASe linAepeEbbed wftwepasi NGyt hin

1§g a

| ayer includin

intended to

at least a f

strength tha

{Lﬁéérf&‘@ rofefte éizjsé QQV 9 }?aJé'r%é 1%‘%%5 %] peehan,ealion

I'S no ero ana a SECOI’] regi on

aving a second

| evel of mech@ni cal')sthanigid 8i garttcdsmeyl griedierhanapal hetrendichstthagyvel
mechani cal strepgth e 4idsk %%&b%@[¥%dﬁbn'02 Udﬁz “‘EQbDnéhQ e 2. A

met hod according.to claim1l, characterizéd. in further conprises
det achi ng a b%Y?1o%fr@%FE%@hFFﬁgStFﬁégﬁho?égﬁﬁfﬁ&ﬁptéﬁ Br&stfrettidde then

whi ch the pefipberyevadd ef tiichaparddionstedrends, ateagrihetseegndn’ ewion;
met hod accordlnguégdclaég}% gﬁeclalm

15

20

25

30

35

inc secon
2. A method according to claim 1, characterized in
that it further comprises detaching a portion representing
the whole or part of the interface, in which the periphery
of this portion extends along the second region.

3. A method according to claim 1 or claim 2,
characterized in that the second region constitutes the
periphery of a wafer of which the first region constitutes
the core.

4. A method according to claim 1 to 3,
characterized in that the first zregion is divided into
fragments, each fragment being surrounded by a second
region.

5. A method according to any one of claims 1 to 4,
characterized in that the detachable bonded interface is
produced bketween a surface of the substrate and a surface
of the layer and the step of producing the interface
includes a step of preparing at least one of said surfaces
and a bonding step during which said surface is bonded to
the other surface by molecular adhesion bonding.

6. A method according to claim 5, characterized in
that the step of producing the interface includes a
preparing step for each of the surfaces of the substrate
and of the layer.

7. A method according to claim 5 or claim 6,

3.

a.step of. producing det ach bIe |nterfac bet | aye
%%gﬁ?%% t€8fgéﬂqjgﬁﬁ$ ?gy § lﬁﬁ%?%l%n m??%ﬁiéfﬁzed in
that sabd dethshabterintériacehas aabdndedachhbﬂéaaatpmﬁ@m&edssa oridechave

of

A



characterized in that the second region constitutes the periphery of a wafer
of which the first region constitutes the core. 20 4. A nethod according to
claim1 to 3, characterized in that the first region is divided ihf U200
fragnents, each fragnent being surrounded by a second region. 5. A nethod
according to any one of clains 1 to 4, 25 characterized in that the

det achabl e bonded interface is produced Bé&tween a surface of the substrate
and a surface of the layer and the step of producing the interface includes
a step of preparing at |east one of said surfaces and a bonding step during

whi ch sai d sw-frace dvs Rended digne 3Gd hayothes ﬁfggﬁ%mn@é@gﬁiﬁélé@@gsi on

bondi ng. 6. A nethod according_to ¢claimb, characterized in at the step of
produci ng t Re THEaTeke ShEPuder aloprépYr iy %8sy br tB8c F Wohresupf aces

of the substyzaide swafh@f itrhesdiayefirs3b regibret hod according to claim5 or
claim6, 3 1 AUG 70Q5 49 characterized .in that the surface preparation step
includes a treat me%t ste PSP ST ik At gt hﬁ' r%ﬁ%‘é’égrb?edsh?d
surface i n saat filtesttregiment 8stAdpnmehbaddaecapdiang zea da@idn &4 clehag asferi zed

in 5 that tr nt. step 4§ ncludes | ocalized acid etching of the surface
in said fi rtst?l%r esélﬁ%tr‘la.r&e .lnASﬁaét41orkc %jsgtcorreoqolnogl'to claim8, characterized in

that the acid etchifg i & efeftdeidedasardd ingdrtaf |alorine &cicharabeesuzedcenin

sai d secondregi el pr. - fro i 0 hqﬂq?py yer r
exanpl e of r?iht%r&i gée},lé)t %g?di ggt?gqitn%ﬁnla% e%fgﬁg?&eﬁgrﬁﬁng. O.f%égfoﬁcggbor di ng
to claimb5 &heclsainhage dh@dd ersoed iTPIiRn g wriekecheéphrani 8aidt ep

includes ae%lc@R g i chy t@@y%&ﬂfaQ%riSek@Mﬁménegfenhﬁf?ﬁﬁegndtﬁa@5 step in
which the ro %krlnrl%%ste\(?‘asf%rger %otrct}iionns_ is enhanced to obtain greater bonding
forces. d

10. A method according to claim 5 or claim 6,
characterized in that the surface preparation step includes
a step in which the surface is roughened entirely and a

15 step in which the roughness of some portions is enhanced to
obtain greater bonding forces.

11. A method according to claim 10, characterized
in that the zroughness of some portions i1is reduced by
chemical polishing, mechanical treatment or chemical-

20 mechanical treatment, or dry etching.

12. A method according to any one of claims 1 to
11, <characterized in that the step of preducing the
interface is followed by a step of separating the layer
from the substrate at the detachable bonded interface.

25 13. A method according to claim 12, characterized
in that, after the step of producing the interface, there
follows a step of cutting one fragment at 1least of the
layer containing said first region (Z,') and said second
region (Z,') so that said second region (Z,') extends along

30 the periphery of said fragment, then the separation step
during which the substrate and the thin layer are lifted
off at the detachable interface.

14. A method according to claim 12 or claim 13,
characterized in that, between the step of producing the

35 interface and the separation step, there is a step of



11. A nethod according to claim210, characterized in that the roughness of
sone portions is reduced by chem cal polishing, nechani cal treat meny O 7005
chem cal - 20 mechanical treatnent, or dry etching. 12. A nethod accordlng q
any one of clainms 1 to 11, characterlzed in that the step of producing the
interface is followed by a step of separating the layer fromthe substrate
at the detachabl e bonded interface. 25 130 A nethod according to claim 12,
characterized in that, after the step of producing the interface, there
follows a step of cutting one fragnent at least of the layer containing said

first i h d
720) extt Og:s al r‘%gg 30 tﬁécdor&? ry o sallf:l\z% dohd ﬂ éé" Qﬁgg&qn ron

(Z2') exten e peri ragnent, hen T separation
step during which tife s@bsﬂﬂ@%ﬁ!‘%ﬁ aREcPHRinG| kol apEr cmee Qﬁ feledimaf 2 afot he

det achabl e it erél@e&eactlé'rlé’e&feihoghéﬁc%dh%m@e@ aigatkded Chai M3 of
characterized in that, between the step of produci'ng the 35 interface and

the separ at RHPRIERT 11t el PEeRT %?%paafi he REBaFEG5 30 AR Ry thePsefond

region el atpx\cﬁmcqr{gﬁelhl reher gy 331 Aoretfad aecordi fgotDeadbyonneg, of
clainms 12 to charactﬁ’bel1 zed Ln t hat |t i ncl udes, between the step of

produci ng tr?é’%ﬁa&rfofcé“ FHe 5Pt OR St ep, a step of 5 producing in the
| ayer all or part of16m cmoeh@tc}tmd)naccordpngcab erarmcrmfm cahatagpenenes. 16.

A net hod acc a ar,ac i ch component IS
pr oduced fac%\gd a‘?ﬂ%t!:g] égheﬁp flg % r?é%han fgaa g re tglsur rEE%% by
t he second rcefgllcww m@cltnanhcghestnengahl @atlrrsmnel@git 7)% 1t7he Aserecbh@dragd;ondi ng

to any; pone dis ized in that, between the step of
produ0| ng t ?i:‘{erface anndlﬁe separ tfqplﬁon step, there is a bonding step

during which the | aylelr i & bepldeed t acees@ERBdteuBsYr ane a5 ¢hsimgely teg. A
nmet hod accori ngchorsbebi 1dg charesie! i zedween the step of producing

the interface and the separation step, there is a bonding
step during which the layer is bonded to a second substrate
15 (16, 16"').

18. A method according to claim 17, characterized
in that said bonding step includes molecular adhesicn
bonding.

19. A method according to claim 17, characterized

20 in that said bonding step includes adhesive bonding.

20. A method according to claim 19, characterized
in that said adhesive bonding uses an adhesive that is
hardened by UV radiation.

21. A method according to any one of claims 12 to

25 20, characterized in that the separation step 1s carried
out by acid etching and application of mechanical stresses.

22, A method according to any one of claims 1 to
21, characterized in that the layer is of silicon.

23. An assembly including a layer on a substrate,

30 said layer (13+14, 13'+14', 23) Dbeing connected to said
substrate (11+12, 11'+12', 21) at a detachable bonded
interface of which at least a selected first region (Z,,
Z1') has a first level of mechanical strength that is not
zero and a selected second region (Z,, 2Z;') has a second

35 level of mechanical strength significantly greater than the



in that said bonding step includes nol ecul ar adhesi on bonding. 19. A nethod
according to claim 17, characterized 20 in that said bonding step_incl udes
adhesi ve bonding. 20. A nethod according to claim19, characterized !l Aub Bkt
sai d adhesi ve bondi ng uses an adhesive that is hardened by UV radi ation. 21.
A nmet hod according to any one of clains 12 to 25 20, characterized in that
the separation step is carried out by agiid etching and application of
mechani cal stresses. 22. A nethod according to any one of clains 1 to 21,
characterized in that the layer is of silicon. 23. An assenbly including a

layer on a sulbeks atével 30:sal & dayer-ddisdd 7] 31p14l, pe3hobeing cannected to
said substrate (11+12, 111+121, 21) at a detachable bondéd interface of
which at | eddte é%ﬁﬂqﬁxﬁﬁ9¥qqs@hre§Poh-(ZI, Zj') has a first level of

mechani cal strengthzihat iz notasgerelynd acselaehgd seeond degiwn (72, Z21)
has a second.35 | evel. of, nechanical, strength signhificantly, reater than the 3

1 AU6 2005 STOFA-SETIARE 11 Ad'Eh rdte rSGiBH (FE1 9L )S RE TP ivicitided in  the
second T egion (Z2, 2%.) 24 Ansasbégblycacedidigngcd o lainm 223 eolraracteri zed

in that the req L i.bh | . 25, An _assenbl ording o
claims 23 of %%ngﬁgggk e#ﬁzgggéﬁ ?ﬁ%t ?%%Os%c&%ﬁﬁfgbr§ﬁ¥§g§§Pffﬁte%h?he
peri phery ofpexiwdfegry off whiehfeheofi whtcheghen fdorsst itagiesn ¢hestdretef6. An
assenbly accgrdifngdo claim23 or 24, 10 characterized in that the first
region is divided into fragnments, each fragnment being surrounded by a second

region. 27. An asserffly &écor§SEFHY cRacRTA3ngr 22, CéhamacBéri2Ed ?4. that a

fragnment cutcr@tadeRrsaich | anercnhd® copt aknsssai dedisst rLgueRiaed sghe,second

region so that saldSecondy e9hol Xend Ao g N RRELPNELY 9F Saldg
region.

27. An assembly according to claim 23 or 24,
characterized in that a fragment cut out in said layer

15 contains said first region and said second region sc that
said second region extends along the periphery of said
fragment.

28. An assembly according to any one of claims 23
to 27, characterized in that the layer includes all or part

20 of a micro-electronic, optical or mechanical component.

29. An assembly according to claim 28,
characterized in that said component faces the first region
of low mechanical strength surrounded by the second region
of higher mechanical strength.

25 30. An assembly according to any one of claims 23
to 29, characterized in that the interface is produced
between a surface of the substrate and a surface of the
layer that are molecular adhesion bonded.

31. An assembly according to any one of claims 23

30 to 30, characterized in that at least one surface of the
interface has greater roughness in said first region than
in the second region.

32. An assembly according to any one of claims 23
to 31, characterized in that the layer 1is additionally

35 bonded to a second substrate (16, 16').



fragnent. 28. An assenbly according to any one of clains 23 to 27,
characterized in that the layer includes all or part 20 of a
m cro-el ectronic, optical or nechanical conponent. 29. An assenblyzé\c%@rz%ng
to claim28, characterized in that said conponent faces the first region of
| ow mechani cal strength surrounded by the second region of higher nechani cal
strength. 25 30. An assenbly according tgzany one of clainms 23 to 29,
characterized in that the interface is produced between a surface of the
substrate and a surface of the |ayer that are nol ecul ar adhesi on bonded. 31.
An assenbly accordi to y o ai s, 2 o3 cha riz in
that at | east one Slr;%f aceﬂgf t S%Inb grface a%élgrrliat e?’ roug %%isrg mggal d
first regi orchdqzactenized selcomldaTr eglaori SXokh asbefiey cactdr dioagcud aany one
of claims 23 303 Khakagterized in that the layer is additionally 35
bonded to a second substrate (16, 16'). 31 AUG Z005 52 33. An assenbly
according to claim3% - caracBEFEFBAYi n t3REOEEIRD secéRd sUDLEIBt e 132
mol ecul ar  adhosd ohe Popdled.i B4:hAR asseIbkkcageor dipge ol aidn 3dhesive
characterized in that said second substrate is adhesive bonded. 35. An
assenbly acc?ﬁ’%"i‘% to claim34, characterized in that said adhesi ve bondi ng
uses an adhesive thsg. iSAﬂi]f'il’ deseemby vUV r@@&@fdgﬁg 10t36. An assenbby, .
g?cgrﬁ:ggntQﬂgn aégg%fgeglakgs %%attoézﬁd égﬁg§f¥ézeb nglthatugge Ia er s
adhesive that is hardened by UV radiation.
10 36. An assembly according to any one of claims 23

to 35, characterized in that the layer is of silicon.



